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The  Malvern  waters  have  long  been  cele- 
brated for  their  purity,  and  to  this  alone  their 
effe&s  have  generally  been  afcribed.  From  the 
following  Analyfis  of  thefe  waters,  however,  it 
would  appear  that  this  opinion  is  erroneous, 
and  that  their  good  effects,  as  in  the  cafe  of 
other  mineral  waters,  arife  chiefly,  at  leail, 
from  the  foreign  ingredients  they  contain.  This 
will  hardly  be  doubted  if  it  can  be  fhewn  that 
they  contain  fubifances  which  have  long  been 
celebrated  medicines  in  the  fame  difeafes  in 
which  the  effects  of  the  Malvern  waters  are  fo 
ftrikingly  beneficial. 

That  they  contain  but  a fmall  quantity  of 
fuch  fubftances  is  no  argument  againfl:  this  opi- 
nion. We  well  know  that  the  effe&s  of  medi- 
cines are  not  in  proportion  to  the  dofe  merely, 
but  are  influenced  by  a variety  of  circumftances, 
with  fome  of  which  we  feem  to  be  but  ill  ac- 
quainted. How  many  chalybeate  fprings,  which 
contain  but  a fmall  quantity  of  iron,  are  more 
efficacious  in  reftoring  vigour  than  the  moil 
powerful  artificial  chalybeate ; yet  we  know 

a that 
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that  the  effeds  of  fuch  waters  depend  on  the* 
iron  they  contain,  becaufe,  when  deprived  of  it* 
they  lofe  at  the  fame  time  their  invigorating 
quality.  Whether  the  fame  quantity  of  iron 
diiTolved  in  the  fame  quantity  of  pure  water, 
would  produce  the  fame  good  effects,  inde- 
pendently of  the  other  ingredients  of  fuch, 
waters,  we  cannot  tell.  Mod  probably  it  would 
not.  But  when  we  reflect  on  the  intimate  union 
which  takes  place  between  bodies,  when  one 
exifts  in  very  great,  and  the  other  in  very  fmall 
quantity,  of  which  a thoufand  inflances  might 
be  enumerated,  we  have  fome  reafon  to  fuppofe 
that  the  effects  of  many  mineral  waters  depend 
on  this  intimate  union,  by  which  perhaps  a 
greater  quantity  of  the  medicine  is  received 
into  the  fydem,  or  is  received  in  a date  more 
capable  of  producing  its  peculiar  effetfs  than 
when  it  is  taken  into  the  domach  and  bowels  in 
a more  concentrated  form. 

To  the  numerous  cafes  proving  the  efficacy 
of  the  Malvern  waters,  given  by  Dr.  John  Wall,** 
I might,  were  it  neceffary,  add  fome  equally 
driking  which  have  fallen  under  my  own  obfer- 
vation. 

The  complaints  in  which  thefe  waters  have 
been,  chiefly  celebrated  are  the  various  forms  of 

* See  seventy-six  cases  of  their  efficacy  related  by  Dr.  John 

Wall,  m his  Medical  Tracts,  re-published  by  Dr.  Martin  Wall  in 
I780o 


Scrophula* 


INTRODUCTION. 


Ill 


Scrophula,  Cutaneous  difeafes  of  different  kinds, 
and  Gravel. 

Dr.  John  and  Dr.  Martin  Wall  * are  the  prin- 
cipal writers  on  the  Malvern  waters.  It  feems 
to  have  been  the  opinion  of  both,  that  the  ef- 
fedls  of  thefe  waters  are  chiefly  to  be  afcribed  to 
their  purity.  “ The  efficacy  of  this  water,”  the 
former  obferves,  44  feems  chiefly  to  arife  from 
44  its  great  purity,  whereby  it  paffes  through  the 
“ fmallest  veffels,  and  not  being  loaded  with 
any  falts  or  earth,  it  is  capable  of  diffolving 
il  more  than  thofe  waters  which  are  already  fa- 
44  turated  with  them.  Its  effecls  externally, 
44  both  in  lotion  and  bathing,  may  in  a great 
tc  meafure  depend  upon  the  fame;  fince  it  is 
44  pah  all  doubt  that  fluids  may  enter  the  body 
44  this  way  by  the  abforbing  veffels.”  J And  Dr. 
Martin  Wall,  in  his  Appendix  to  Dr.  John  Wall’s 
Obfervations,  remarks,  14  Its  principal  virtue 

* There  are  two  springs  in  the  Malvern  hills  which  have 
been  celebrated,  and  are  supposed  to  be  of  the  same  nature.  The 
one  is  called  the  Holy -well,  the  other  St  Ann’s-well.  The  ex- 
periments of  both  Dr.  J.  and  Dr.  M.  Wall  were  made  with  the  water 
of  the  former.  There  are  also  some  chalybeate  springs  in  the 
neighbourhood  of  the  village  of  Malvern,  the  analysis  of  which  I 
have  begun,  and  shall  lay  before  the  public  as  soon  as  I have  had 
leisure  to  finish  It  To  Dr.  Wall’s  Tracts  I refer  the  reader  for 
an  account  of  the  situation  of  the  Malvern  springs,  and  of  the 
pat ure  of  the  hills  from  which  they  issue. 

t See  the  above  mentioned  Tracts,  page  117. 
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44  then  muff  depend  upon  its  extreme  purity, 
44  affifted  by  the  fixed  air  which  it  contains.”  * 

Dr.  John  Wall,  however,  was  led  by  feveral 
obfervalions  to  doubt  the  jufiice  of  the  popular 
opinion.  41  It  has  been  the  opinion  of  fome 
44  perfons,”  he  obferves,  44  that  the  water  of 
t4  the  Holy-well  is  only  pure  element,  devoid 
64  of  mineral  fpirit  and  aimed  all  other  princi- 
64  pies.  Indeed  were  this  the  cafe,  which  for 
44  many  reasons  I am  convinced  it  is  not, 
64  that  purity  alone  would  make  the  spring  of 
44  great  value.”  After  a quotation  from  Hoff- 
man, Dr.  Wall  continues,  14  I have  inferted  this 
44  quotation  from  an  author  of  the  greated 
44  eminence,  in  order  to  {hew  what  might  be 
64  expected  from  a pure  water,  and  furely  no 
44  fpring  can  more  jufily  deferve  the  title  than 
44  this  does.J"  But  that  there  is  alfo  a fine  fubtle 
44  penetrating  fpirit  concealed  in  thefe  waters, 
44  agreeable  to  what  is  mentioned  in  the  fore- 
44  going  treatife,  is  evident  from  the  following 
44  obfervations.  The  firfi  of  thefe  was  commu- 
44  nicated  to  me  by  my  very  ingenious  friend, 
^4  Dr.  Mackenzie,  who  informed  me,  that  he 

* Page  288. 

f Dr.  Martin  Wall,  we  shall  find,  has  shewn  that  Dr.  John 
Wall  was  deceived  with  respect  to  the  quantity  of  the  foreign 
contents  of  this  water.  It  is  certain,  however,  that  compared 
even  with  the  springs  in  common  use,  it  must  be  considered  a 
very  pure  water. 
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41  knows  a gentleman  in  Warwickfhire  who  has 
“ a cancerous  ulcer  in  his  face,  which  he  ufes 
44  to  bathe  every  day  with  Malvern  water  before 
44  he  applies  his  other  dreffings  to  it.  The  wa- 
“ ter,  when  ufedalone,  frequently  makes  the  ulcer 
44  fmart  to  a degree,  which  he  is  not  able  to  bear 
14  till  he  adds  a certain  proportion  of  common 
44  water  to  it;  but  when  the  Malvern  water  is 
**  thus  diluted  with  river  or  other  water,  he 
44  can  bear  it  very  well. 

44  This  remarkable  obfervation  has  been  fince 
44  confirmed  to  me  by  Dr.Turton,a  very  eminent 
44  Phyfician,  of  Birmingham,  wrho  himfelf  alfo 
44  felt  a very  fenfible  effed  from  this  water,  dif- 
41  ferent  from  that  of  a common  fpring.  He 
44  has  lately  had  a putrid  fever,  attended  with 
44  ulcerations  on  the  throat  and  tongue,  which 
44  left  the  parts  very  tender:  upon  walhing  his 
44  mouth  with  this  water,  and  drinking  a glafs 
44  of  it  at  the  fpring  head,  he  felt  great  pain  and 
44  fmarting  in  all  the  parts  which  had  been  ul- 
44  cerated  : however  he  continued  to  wafh  his 
44  mouth  frequently,  the  uneafinefs  gradually 
44  lelfening  upon  every  lotion  ; and  he  drank 
44  large  quantities  of  the  water  that  whole  day. 
44  The  next  morning  he  found  his  mouth  ancj. 
44  throat  quite  easy  and  free  from  any  tender^ 
44  nefs,  which  it  had  never  been  before  fince 
44  his  illnefs.” 

Before  relating  my  experiments  and  conclu- 

fions, 
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fions,  it  will  be  proper,  in  order  to  avoid  con- 
fufion,  to  point  out  thofe  of  Dr.  John  and  Dr. 
Martin  Wall,  which  feem  to  contradict  them, 
and  the  circumftances  which  reconcile  thefe 
contradictions. 

Di.  M.  Wail  has  noticed  what  appears  to  be  a 
principal  caufe  of  Dr.  J.  Wall’s  having  obtained 
io  imall  a refiduum  from  the  Malvern  water  by 
evaporation,  namely,  that  he  performed  the 
evaporation  in  open  velfels.  It  will  appear, 
from  the  experiments  I (hall  relate,  that  fome 
part  of  the  iolid  contents  of  this  water,  if  the 
diftillation  is  not  performed  very  fiowly,  comes 
over  with  the  water,  even  when  it  is  performed, 

as  Dr.  M.  Wall  advifes,  in  a retort  and  receiver 
luted  together. 

Dr.  J.  Wall  was  led  to  believe,  that  the  Mal- 
vern waters  contain  fulphuric  acid  in  a disen- 
gaged hate.  44  The  water  of  the  Holy-well, 
41  when  drank  immediately  as  it  comes  out  of 
tne  hill,  leaves  a peculiar  tartnefs  in  the 
64  throat.  This  is  by  fome  likened  to  the  tahe 
of  brafs  or  alum,  and  is  moh  perceptible  to 
“ thofe  who  have  not  been  ufed  to  the  water; 

but  this  tafle  is  foon  loft,  and  the  water  grows 
44  fofter  after  it  has  been  kept  fome  time,  though 
“ the  bottles  be  ever  fo  carefully  hopped.  With 
this  water  either  acids  or  alkalis  mix  without 
the  lead  alteration  in  tranfparency,  and  with- 
“out  any  precipitate  or  conflict;  and  yet  it 
. ' 44  feems 
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“ feems  to  contain  a concealed  acid,  becaufe 
€i  iron  laid  in  the  water  is  corroded ; and  with  a 
44  folution  of  silver,  though  at  firft  it  mixes 
44  without  any  milkinefs,  yet,  by  standing  fome 
44  time,  the  water  grows  gradually  whitifh,  and 
44  then  muddy,  and  of  a dirty  reddifh  purple  ; 
44  and  at  laft  a powder,  of  a deep  purple  colour, 
44  is  precipitated,  which  is  the  effect  of  the 
44  vitriolic  acid.”* 

Dr*  M.  Wall  attributes  this  precipitate  to 
carbonat  of  lime;  it  feems  not,  however,  to 
proceed  either  from  this  or  the  fulphuric  acid. 
Dr.  M.  Wall  juftly  obferves,  that,  if  it  arofe 
from  the  prefence  of  fulphuric  acid,  infufion  of 
litmus  and  fyrup  of  violets  would  give  evidence 
of  acidity,  which  they  do  not.  With  refpedl 
to  the  carbonat  of  lime,  Dr.  M.  Wall  feems  to 
have  been  milled  by  his  correfpondent,  who 
fays,  that  no  turbidnefs  takes  place  on  the 
addition  of  a folution  of  nitrat  of  filver*  after 
the  water  has  been  diftilled  in  clofe  velTels, 
although  acetat  of  lead  occalions  a precipitate. 
I have  always  found  the  turbidnefs  to  take  place 
on  the  addition  of  nitrat  of  filver,  when  a pre- 
cipitate could  be  obtained  by  acetat  of  lead. 

Were  Dr.  M.  Wall’s  explanation  juft,  the 
turbidnefs  fhould  be  prevented  by  the  previous 
addition  of  nitrous  acid  to  the  water,  which  is 

* See  Dr.  J.  Wall’s  Tracts,  pages  116  and  1 17. 

not 
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not  the  cafe,  unlefs  the  water  has  been  difiilled. 
Besides,  there  is  no  precipitate  on  the  addition 
of  oxalic  acid,  whether  the  water  has  been  dif- 
tilled  or  not. 

Dr.  J.  Wall  flates,  as  another  proof  of  the 
exigence  of  a difengaged  acid  in  thefe  waters, 
that  effervefcence  enfued  on  mixing  the  water 
of  the  Holy-well  with  a faturated  folution  of 
carbonat  of  potafs.  The  way  in  which  the 
experiment  was  made  * sufficiently  points  out 
that  the  appearance  of  effervefcence  arofe 
merely  from  the  extrication  of  air  with  which 
all  waters  are  impregnated.  A far  lefs  quantity 
of  acid  than  is  neceffary  to  occafion  any  degree 
of  effervefcence  wouid  affedl  the  above  men- 
tioned tefls  of  acidity. 

Carbonat  of  ammonia  has  alfo  been  fuppofed 
to  exift  in  the  Malvern  waters,  and  one  of  Dr. 
M.  Wall’s  correfpondents  thought  he  had  afcer- 
tained  its  prefence,  as  indeed  there  was  reafon 
to  believe,  when  he  found  that  after  diffillation 
this  water  gives  a precipitate  with  acitat  of  lead. 
Dr.  M.  Wall  refers  to  another  experiment  of 
the  fame  correfpondent,  in  which  he  found  that 
the  nitrat  of  silver  occafioned  no  precipitation 
nor  turbidnefs  in  the  diifilled  Malvern  water, 
which  Dr.  M.  Wall  juffly  obferves  it  fhould  have 
done,  had  this  water  contained  an  alkali ; but  in 

* See  Dr.  J.  Wall’s  Tracts,  page  132. 

this 
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this  experiment  there  feems  to  have  been  fome 
inaccuracy,  for,  as  I have  juft  obferved,  the 
Malvern  waters,  though  diftilled  in  clofe  veffels, 
may  ftili  give  a precipitate  with  nitrat  of  filver, 
a circumftance  which  tends  to  invalidate  Dr.  M. 
Wall’s  explanation  of  the  precipitate  from  the 
diftilled  water  by  acetat  of  lead,  namely  that  it 
arifes  from  the  water  retaining  its  carbonic  gas 
after  diftillation,  which  we  cannot  furely  fup- 
pofe.  But  this  explanation  is  wholly  fet  afide 
by  a circumftance  which  was  overlooked  both  by 
Dr.  M.  Wall  and  the  gentleman  he  alludes  to, 
namely,  that  the  addition  of  an  acid  prevents 
the  precipitate;  and  this  feems  to  confirm  the 
account  of  the  precipitate  given  by  the  lat- 
ter: we  fhall  find,  however,  that  it  is  not  owing 
to  the  prefence  of  carbonat  of  ammonia,  but 
to  a caufe  which  it  would  oblige  me  too  much 
to  anticipate  the  Analyfis  I am  about  to  lay 
before  the  reader  to  confider  here. 

In  the  24th  experiment  related  by  Dr.  M* 
Wall,  potafs  gave  a precipitate  with  three  quar- 
ters of  a pint  of  Malvern  water,  boiled  down  to 
half  an  ounce;  and  in  experiment  26th,  a folu- 
tion  of  ammonia  gave  a precipitate  with  this 
water,  boiled  down  in  the  fame  manner;  and 
this  precipitate  being  removed  by  filtration,  it 
became  turbid  in  about  a minute  after  the  ad- 
dition of  a few  drops  of  a faturated  folution  of 
carbonate  of  potafs.  From  thefe  experiments, 

b Dr. 
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Dr.  M.  Wall  infers  that  the  Malvern  water  con- 
tains felenite. 

This  inference  feems,  on  more  than  one  ac- 
count, to  be  inadmiffible.  Had  the  water  con- 
tained felenite,  it  mud  have  been  precipitated 
long  before  the  evaporation  was  carried  to  this 
length.  Betides,  the  prefence  of  forne  other 
earthy  fait  may  have  occafioned  this  precipitate, 
or  that  with  the  ammonia  may  have  been  pro- 
duced by  carbonat  of  magnefia,  which  is  not 
wholly  precipitated  by  boiling  till  the  water  is 
evaporated  nearly  to  drynefs.  * But  this  fubjedl 
I {hall  have  occafion  to  refume;  the  precipitate 
which  Dr.  M.  Wall  obtained  by  potafs,  after 
the  addition  of  the  ammonia,  demands  more 
particular  attention  in  this  place. 

There  can  be  no  doubt,  I think,  from  the 
following  circumdances,  that  this  precipitate 
proceeded  from  the  impurity  of  the  folution  of 
ammonia  which  had  been  employed.  Unlefs 
this  folution  is  prepared  with  care,  it  may  con- 
tain a fmall  quantity  of  the  lime  used  for  obtain- 
ing ammonia  from  the  muriat  of  ammonia.  I 
repeated  Dr.  M.  Wall’s  experiment  with  Malvern 
water  evaporated  to  lefs  than  a twentieth  part 
of  its  bulk,  and  a folution  of  ammonia  which  I 
had  by  me,  and  found  the  refult  as  he  has  dated 

* 'See  Mr.  Kirwan’s  Essay  on  the  Analysis  of  Mineral-Waters, 
page  200.  I have  made  much  use  of  this  excellent  Essay,  and 
have  followed  the  plan  of  analysis  recommended  in  it. 
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it,  a folution  of  carbonat*  of  potafs  giving  tl 
precipitate  ; but  when  I ufed  a pure  folution  of 
ammonia,  prepared  by  Mr.  Accum,  no  precipi- 
tate took  place  on  the  addition  of  the  folution 
of  carbonat  of  potafs.  In  the  above  experiment, 
as  in  Dr.  M.  Wall’s,  it  was  not  till  about  a 
minute  after  the  addition  of  the  potafs  that 
the  precipitate  was  fully  formed. 

It  will  be  neceftary  to  notice  feveral  other 
experiments  of  Dr.  M.  Wall,  when  I come 
to  fpeak  of  the  fubje&s  to  which  they  re- 
late. 

What  has  juft  beenfaid  refpedting  the  folution 
of  ammonia,  was  not  neceftary  to  demonftrate 
how  requifite  it  is  to  have  the  tefts  we  employ 
in  analyfis  prepared  with  the  greateft  care.  All 
the  tefts  ufed  in  the  following  Analyfis,  whofe 
fpecific  gravity  is  mentioned,  were  prepared  by 
Mr.  Accum;  the  others  were  prepared  by  Meflrs. 
Allen  and  Howard,  of  Lombard-ftreet,  with  the 
exception  of  a few  which  I prepared  myfelf, 
according  to  the  dire&ions  given  by  the  moft 
approved  writers.  / 

On  the  manner  in  which  I have  employed 

* All  the  potass  of  commerce  is  more  or  less  carbonated;  Dr, 
M.  Wall  used  what  is  called  oleum  tart,  per  deliq. 
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one  ted,  the  litmus,  of  which  I have  made  fre- 
quent ule,  it  will  be  neceflary  to  make  fome 
obfervations.  It  may  be  made  a ted  of  greater 
delicacy  than  it  is  in  the  ordinary  way  of  apply- 
ing it.  After  making  various  trials,  I thought 
the  following  the  bed  way  of  udng  it : 

Let  two  crydal  bafons  of  the  fame  fize,  with 
cylindrical  fides  and  flat  bottoms,  of  at  lead 
four  inches  diameter,  be  placed  on  a fheet  of 
white  paper,  and  another  fheet  of  white  paper 
placed  behind  them,  and  let  the  obferver  dand 
between  them  and  the  quarter  from  which  the 
light  comes,  that  he  may  receive  the  light  re- 
flected from  behind  and  below  them.  Let  one 
of  the  bafons  be  filled  to  about  one  inch  in 
height  with  the  water  in  which  we  fufpedl  the 
prefence  of  ah  acid,  and  the  fame  quantity  of 
diddled  water  be  put  into  the  other,  and  to 
each  let  the  fame  number  of  drops  of  a drong 
infufion  of  litmus  be  added;  let  the  quantity  of 
litmus  be  no  more  than  is  fufficient  to  give 
them  the  flighted  tinge,  which  {hews  decidedly 
the  blue  colour  in  the  diddled  water;  by  com- 
paring the  colour  of  the  water  in  the  two  bafons, 
a very  fmall  quantity  of  acid  may  be  detedfed, 
efpecially  by  a perfon  accudomed  to  ufe  the  ted 
in  this  way. 

Mr.  Kirwan  fays,  that  with  paper  dained  with 
litmus  (his  mode  of  ufing  this  ted)  he  could 
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not  difcover  ^ of  fulphuric  acid.  By  the 
foregoing  mode  of  ufing  the  litmus,  it  is  ren- 
dered many  times  more  fenfible,  as  will  ap- 
pear from  the  following  experiment. 

To  two  ounces  of  water,  fulphuric  acid  was 
added  in  the  proportion  of  l to  307200.  This 
was  put  in  one  of  the  bafons  placed  as  above; 
in  the  other,  two  ounces  of  water,  which  I had 
previoufly  found  did  not  affect  the  colour  of 
the  litmus.  On  dropping  into  both  bafons  the 
fame  quantity  of  infufion  of  litmus,  the  colour 
was  fenfibly  redder  in  the  bafon  which  contained 
the  acid  than  in  the  other  ; the  difference  was 
fuch  as  could  be  readily  obferved  by  a perfon 
accuflomed  to  make  fuch  experiments. 

When  I diluted  the  acid  in  the  proportion  of 
1 to  460800,  I could  not  obferve  the  difference 
of  the  (hade.  The  fpecific  gravity  of  the  acid 
employed  was  1,85,  fo  that  one  grain  of  this 
acid  contained  0,7946  grs.  of  real  acid,  as 
nearly  as  can  be  afcertained  from  Mr.  Kirwan’s 
table  of  the  fpecific  gravity  of  fulphuric  acid 
mixed  with  different  proportions  of  water.* 

* The  specific  gravity  of  the  acid  mentioned  in  Mr.  Kirwan’s 
table,  whose  specific  gravity  comes  nearest  to  that  I used,  and  a 
grain  of  which  contains  0,7946  grs.  of  real  acid,  is  1,S$?2,  so 
that  it  differs  from  that  I employed  only  by  0,0042.  The  circum- 
stance which  renders  it  so  difficult  to  ascertain  the  quantity  of 
real  acid  in  any  mixture  of  sulphuric  acid  and  water  is,  that  the 
specific  gravity  does  not  increase  in  the  same  proportion  with  the 
quantity  of  real  acid. 
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It  appears,  then,  from  the  foregoing  experi- 
ment, that  0,7946  grs.  of  fulphuric  acid  may 
be  detected  by  the  litmus  ufed  as  I propofe  in 
307200  grs.  of  water,  fo  that  one  grain  of  real 
fulphuric  acid  may  be  dete&ed  by  this  teft  in 
386597  grs.  or  50,33  pints,  of  water. 

It  follows  from  what  has  been  faid,  that  the 
litmus  employed  in  this  way  may  alfo  be  made 
a very  delicate  test  of  alkalis,  as  litmus  reddened 
by  an  acid  will  detecl  the  prefence  of  any  quan- 
tity of  alkali  capable  of  neutralifing  the  acid 
which  changed  its  colour. 

Mr.  Kirwan  has  found  45,2  of  real  fulphuric 
acid  faturate  54,8  of  potafs;  therefore  one  grain 
of  this  acid  faturates  1,2123  grs.  of  potafs; 
hence  1,2123  grs.  of  potafs  may  be  detected 
by  the  litmus  in  386597  grs.  of  water,  that 
is,  l grain  in  318895  grs.  or  41,52  pints,  of 
water. 

The  fame  chemifl  has  found  that  56  grs.  of 
real  fulphuric  acid  faturate  44  grs.  of  foda, 
therefore  a grain  of  this  acid  faturates  0,7857 
grs.  of  foda;  hence  0,7857  grs.  of  foda  may 
be  detected  by  the  litmus  in  386597  grs.  of 
water,  that  is,  one  grain  of  foda  may  be  detected 
in  492041  grs.  or  64,06  pints,  of  water. 

He  has  alfo  found  that  54,66  grs.  of  real 
fulphuric  acid  faturate  14,24  grs.  of  ammo- 
nia ; therefore  a grain  of  this  acid  faturates 
0,2605  §rs*  ammonia  ; hence  0,2605  grs, 
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of  ammonia  may  be  dete&ed  by  the  litmus  in 
386597  grs.  of  water,  that  is,  1 grain  of  am- 
monia may  be  -detected  in  1484057  grs.  or 
193i23  pints,  of  water.* 

The  litmus  ufed  in  this  way  is  a much  more 
ienfible  ted  of  alkalis  than  the  mod  delicate  teft 
of  them  mentioned  by  Mr.  Kirwan,  namely, 
paper  dained  with  Brazil  wood,  which  deteas 
one  grain  of  carbonat  of  foda  in  9945  grs.  0r 
l*l6  pints,  of  water. 

To  determine  whether  the  colour  of  the  lit- 
mus is  redored  by  fixed  alkalis  or  carbonated 
earths,  we  mud  have  recourfe  to  the  method 
employed  by  Mr.  Kirwan  for  this  purpofe,  in 
the  ufe  of  the  ted  jufi  mentioned,  evaporating 
the  water  to  one  half  of  its  bulk,  which  will  in- 
creafe  the  effed  of  the  litmus,  if  it  arifes  from  a 
fixed  alkali,  but  diminifh  or  wholly  prevent  it 
if  from  carbonated  earths. 


If  the  prefence  of  ammonia  be  fufpeded,  the 
ted  mud  of  courfe  be  applied  to  the  fird  part 
of  the  water  which  rifes  in  didillation. 

To  afcertain  by  the  litmus  the  quantity  of 
carbonat  of  alkali  which  exids  in  water,  I 
have  found  the  following  method  the  mod  con- 
venientInto  one  of  the  bafons  placed  as 

* Other  writers  make  the  foregoing  proportions  different,  but 
Mi.  Kirwan  s known  accuracy  has  induced  me  to  adopt  his  - 
. ' hen  we  know  the  quantity  of  alkali,  it  is  easy  to  ascertain  what 

us  quanuty  would  be  if  carbonated,  the  state  in  which  it  always 
exists  m mineral  waters.  - s 
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above  put  a certain  quantity  of  acid,  0,001  gr s, 
for  example,  to  equal  quantities  of  the  water 
to  be  anaiyfed  and  of  diftilled  water  add  an 
equal  quantity  of  a flrong  infufion  of  litmus; 
let  the  former  of  thefe  be  put  by  fmall  quan- 
tities at  a time  into  the  bafon  containing  the 
acid,  and  the  latter  by  equal  quantities  into 
the  other  bafon,  till  the  (hade  of  colour  in 
the  two  bafons  is  exactly  alike;  then  the  na- 
ture of  the  alkali  having  been  previoufly  afcer- 
tained,  the  quantity  of  water  required  to  faturate 
the  known  quantity  of  acid  will,  by  the  above 
proportions,  give  the  quantity  of  alkali  it  con- 
tains. 

The  filtering  paper  ufed  in  the  following 
experiments  was  white  paper  deprived  of  its 
glue,  by  Mr.  Accum. 
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AN  ANALYSIS,  &c. 


CHAP.  I. 

OF  THE  HOLY-WELL  WATER. 


IN  the  following  Analyfis  of  the  Malvern  wa- 
ters I fhall  begin  with  the  water  of  the  Holy- 
well,  becaufe  it  contains  a greater  quantity  of 
foreign  ingredients  than  that  of  St.  Ann’s. 

Sect.  i. 

Of  the  Gafeous  contents  of  the  Holy-well  water . 

From  the  following  experiments,  Dr.  Martin 
Wall  concludes  that  the  Holy-well  water  contains 
carbonic  gas : 

44  Experiment  l.  To  a glafs  of  the  water  at 
the  fpring  head  a fmall  quantity  of  lime  water 
“ was  added : fmall  didind  flocculi  formed,  and 
“ floated  throughout,  but  not  numerous. 

“ Exper.  2. 


c 


( 2 ) 

u Exper.  2.  A half  pint  bottle,  containing 
44  about  J of  an  ounce  of  clean  iron  filings, 
1 was  filled  at  the  fpring  head  with  the  water, 
1 fealed  up  and  carried  to  Worcefier  : the  next 
1 morning  fome  of  the  water  was  poured  into  a 
1 glafs  without  filtering  it,  and  upon  the  ad- 
1 dition  of  fome  infufion  of  galls  the  whole 
1 prefently  became  of  a fine  purple  colour, 
4 which  it  retained  fome  time  without  turning 
4 black. 

44  Exper.  3.  A part  of  the  remainder  of  the 
4 water  employed  in  experiment  2 was  filtered; 
4 and,  upon  adding  fome  infufion  of  galls,  no 
4 change  of  colour  enfued  but  that  which  re- 
4 fulted  from  the  dilution  of  the  colour  of  the 
4 infufion  ; no  purple  tinge  or  (hade  in  the 
4 fmalleft  degree. 

44  Exper.  5.  A phial,  containing  about  half 
4 an  ounce  of  clean  iron  filings,  was  filled  with 
4 Malvern  water  at  the  fpring,  fealed  up,  and 
4 in  about  ten  days  it  was  brought  to  me  at 
4 Oxford,  where  it  was  kept  near  a week  longer. 
4 The  cork  when  drawn  came  out  with  violence 
4 and  noife,  as  it  ufually  does  from  the  bottles 
4 of  Pyrmont  and  Spa  waters;  and  this  violence 
4 was  attended  with  a chalybeate  fmell.  A fmall 
4 quantity  of  this  water  was  decanted  carefully 
4 through  a piece  of  linen  cloth  into  a glafs: 
4 the  water  thus  filtered  was  not  clear,  it  had  a 
f flight  chalybeate  tafte;  and  upon  adding  to  it 

44  fome 
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C4  feme  drops  of  infufion  of  galls,  it  affumed  a 
44  muddy  purplifh  hue,  which  colour  gradually 
44  fubfided  to  the  bottom,  and  the  water  above 
44  became  clear. 

44  Exper.  6.  I filtered  the  remainder  of  the 
44  water  ufed  in  experiment  5 through  thin 
44  paper,  it  had  a very  flight  flavour,  and 
44  dill  (lighter  tade,  of  iron;  it  gave  no  purple 
44  or  black  colour  on  the  addition  of  infufion  of 
44  galls,  but  only  diluted  the  yellow  colour  of 
44  the  infufion. 

44  It  fhould  be  remarked  that  before  the  phial 
44  of  water  ufed  in  experiments  5 and  6 was 
44  opened,  it  was  obvious  that  a paTt  of  the  fil- 
44  ings  had  differed  a confiderable  corrofion,  and 
44  perhaps  a partial  folution:  the  lower  part  con- 
44  tinued  perfe&ly  in  a metallic  date,  but  over 
44  it  floated  a light  black  powder,  which  was 
44  nearly  in  the  proportion  of  one  fifth  of  the 
44  whole.” 

1.  On  repeating  the  fird  experiment  of  Dr. 
M.  Wall,  I found  the  refult  as  he  has  dated 
it.  Lime  water  was  mixed  witEHoly-well  water 
in  equal  quantities  at  the  fpring;  although  the 
tranfparency  was  not  at  fird  didurbed,  in  a fhort 
time  they  became  dightly  turbid,  and  fmall  floc- 
culi  were  feen  floating  in  the  water. 

2.  Strontian  water  was  mixed  with  it  in  equal 
quantities,  at  the  fpring.  The  turbidnefs  now 
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appeared  fooner,  and  increafed  to  fuch  a degree 
as  to  give  a milky  appearance  to  the  water. 

3.  Barytic  water  was  mixed  with  it  in  equal 
quantities  at  the  fpring.  The  turbidnefs  now 
appeared  dill  fooner,  and  the  milky  appearance 
of  the  water  became  more  confiderable. 

Thefe  are  precifely  the  effedts  which  a fmall 
quantity  of  carbonic  gas  diffolved  in  water  pro- 
duces, but  none  of  them  are  decifive  of  its  pre- 
fence, for  many  other  fubdances  found  in  mi- 
neral waters  will  give  the  fame  appearances  with 
all  thefe  teds. 

Barytes,  Strontian  and  lime  have  a dronger 
affinity  for  carbonic  acid  than  any  of  the  alkalis, 
magnefia,  alumina,  or  iron  ; and,  confequently, 
when  the  carbonats  of  any  of  thefe  exid  in  mi- 
neral waters,  Barytes,  Strontian  and  lime  will  at- 
tract the  carbonic  acid  from  them.  I have  found 
that  Barytic  and  Strontian  water  occafion  a very 
evident  turbidnefs  in  water  which  contains  car- 
bonat  of  Soda  in  the  proportion  of  1 grain  to 
45,000  grs.  or  near  fix  pints. 

Befides  thefe  carbonats,  the  foregoing  teds 
(as  Mr.  Kirwan  obferves)  give  precipitates  with 
various  earthy  falts,  and  the  mere  effect  of  car- 
bonic gas  is  not  eafily  didinguifhed.  Barytic 
water  alfo  gives  a precipitate  with  fulphats. 

Nor  are  the  experiments  with  iron  filings  de- 
dfive  of  the  prefence  of  carbonic  gas.  Although 

it 
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it  be  found  that  the  Holy-well  water  becomes 
more  impregnated  with  iron  than  pure  water, 
under  the  fame  circumftances,  would  be,  it  does 
not  follow  that  it  contains  carbonic  gas;  other 
fiubfiances  found  in  mineral  waters  are  capable 
of  diffolving  iron. 

4.  I repeated  Dr.  M.  Wall’s  experiment.  A 
fix  ounce  bottle,  containing  above  half  an  ounce 
of  iron  filings,  was  filled  at  the  fpring  head  with 
Holy-well  water,  clofely  corked  and  fealed. 
After  it  had  flood  above  forty-eight  hours,  it 
was  opened,  and  fome  of  the  water  poured  out, 
which  gave  a purple  colour  on  adding  to  it  a few 
drops  of  tincture  of  galls,  but  this  colour  nei- 
ther difappeared  on  filtering  the  water,  nor  did 
it  fubfide  with  the  filings.  A little  of  this  water 
was  expofed  to  the  air  for  more  than  twenty- 
four  hours ; at  the  end  of  this  time  the  purple 
colour  was  as  flrong  as  at  firfl. 

5.  Some  Holy-well  water  was  kept  expofed  to 
the  air  for  feveral  wreeks.  It  was  then  mixed 
with  iron  filings,  allowed  to  remain  expofed  to 
the  air,  and  in  about  twelve  hours  filtered. 
On  adding  to  it  a few  drops  of  tindure  of  galls, 
it  became  of  a dark  purple. 

But  any  water  will  give  the  foregoing  appear- 
ances with  iron  filings ; I have  repeated  them 
with  diftilled  water,  and  found  the  refults  the 
fame. 

Nor  is  it  difficult  to  account  for  the  cork  of 

the 
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the  bottle,  in  which  the  iron  and  water  had  been 
kept,  coming  out  with  noife,  which  alfo  hap- 
pened in  my  repetition  of  Dr.  M.  Wall’s  expe- 
riment. 

The  black  powder  which  floated  over  the 
iron  Slings  is  an  oxid  of  iron,  which  may  be 
formed  by  allowing  iron  to  lie  in  any  water  in 
the  temperature  of  our  fnmmer,  and  is  pro- 
duced by  the  decompofition  of  the  water.  Its 
oxigen  combines  with  the  iron  forming  the  black 
powder,  while  the  hydrogen  is  difengaged  in 
the  form  of  gas:  and  from  this  gas  it  arifes  that 
the  cork  comes  out  with  noife.  When  conS- 
derable  heat  is  applied  to  water  and  iron  Slings, 
the  hydrogen  gas  is  feen  to  rife  in  bubbles  from 
the  iron,  and  may  be  collected;  the  iron,  at  the 
fame  time,  from  which  it  rifes,  being  converted 
into  the  black  powder  mentioned  by  Dr.  M. 
Wall.  In  making  the  experiment,  indeed,  in 
the  common  temperature  of  our  fu miner,  if  the 
veiTel  is  allowed  to  remain  at  reft  for  fome 
time,  on  {baking  it,  a great  number  of  air  bub- 
bles rife  from  the  Slings.  More  bubbles  are 
formed  on  again  allowing  the  veffel  to  remain  at 
reft,  and  fo  on,  till  all  the  iron  is  oxidated. 

Mr.  Kirwan  regards  the  litmus  as  the  only 
teft  by  which  we  can  afcertain  the  prefence  of 
the  carbonic  gas  in  waters.  14  Waters,”  he  ob- 
ferves,  44  that  contain  uncombined  Sxed  air  to 
44  the  amount  of  ^ of  their  bulk,  or  partly  com- 
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44  bined,  partly  femi-combined  and  partly  un- 
44  combined,  fo  that  the  uncombined  part 
44  amounts  to  4 or  more  of  their  bulk,  will  red- 
44  den  infufion  of  litmus. 

14  To  render  this  tell  decifive,”  he  obferves, 
a little  lower,  44  it  is  neceffary,  jft.  That  the 
44  rednefs  be  fugacious,  and  capable  of  repeated 
44  renovation  and  evanefcence  by  frelh  additions 
44  of  the  mineral  water,  which  diftinguifhes 
44  this  air  from  very  dilute  folutions  of  the  mi- 
44  neral  acids;  for  thefe  alfo  may  excite  an  eva- 
44  nefcent  rednefs  for  fome  time,  that  is,  until 
44  the  alkali  contained  in  the  litmus  is  faturated, 
44  as  Bergman  has  well  obferved.  2d.  That  the 
44  mineral  water  fhould  give  a precipitate  with 
44  lime  water  foluble  in  the  mineral  acids  with 
44  effervefcence : this  diffinguifhes  fixed  air  from 
44  hepatic  air,  which  alfo  fugaciaufly  reddens 
44  infufion  of  litmus.” 

6.  To  the  water  at  the  fpring,  a few  drops  of 
a flrong  infufion  of  litmus  was  added  fo  as  to 
give  the  whole  a flight  tinge.  The  litmus  was 
not  at  all  reddened.  It  had  exa&ly  the  fame  ap- 
pearance as  if  the  infufion  had  been  dropped 
into  diifilled  water. 

Even  the  litmus,  however,  cannot  be  re- 
garded as  a decifive  tefl:  of  the  prefence  of  car- 
bonic gas,  for  as  the  above-mentioned  teds  often 
feem  to  indicate  the  prefence  of  this  gas  where 
it  does  not  exift,  the  litmus  fometimes  fails  to 
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indicate  its  prefence  even  where  the  quantity  is 
great ; for  I have  found  that  however  much  the 
infufion  of  litmus  is  reddened  by  charging  it  with 
carbonic  gas,  its  colour  is  immediately  reftored 
by  adding  to  it  a fmall  quantity  of  any  of  the 
alkaline  carbonats,  although  they  have  been 
perfectly  faturated  with  the  carbonic  acid.  Wa- 
ters containing  fuch  carbonats,  therefore,  may 
contain  carbonic  gas,  although  they  do  not  red- 
den the  infufion  of  litmus. 

It  appears  then,  that  we  have  no  teft  which 
will  in  all  cafes  afcertain  the  prefence  of  carbo- 
nic gas  in  water;  this  can  only  be  done,  there- 
fore, by  feparating,  by  means  of  a mercurial  ap- 
paratus, the  gafeous  contents  of  the  water,  and 
examining  their  properties  when  they  can  no 
longer  be  affe&ed  by  its  other  contents. 

7.  Into  a glafs  veffel,  connected  by  means  of 
a glafs  tube,  with  fuch  an  apparatus,  eight 
ounces  of  the  Holy-well  water  were  put  at  the 
fpring,  the  whole  contents  of  the  veffel  and 
tube  being  twelve  ounces  and  three  drams.  The 
water  was  gradually  heated,  and  made  to  boil 
for  a quarter  of  an  hour,  and  the  air  which 
came  over,  received  in  a glafs  jar  graduated  to 
the  cubic  inch,  inverted  over  the  mercury.  I11 
order  to  eflimate  any  lofs  of  air  which  might 
take  place  in  the  experiment,  the  fire  was  re- 
moved, that  the  apparatus  might  return  to  the 

temperature  of  the  air,  and  the  fpace  which  the 
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air  in  the  jar  occupied,  the  height  of  the  mer- 
cury of  the  jar  above  that  of  the  trough,  and 
the  height  of  the  barometer  and  thermometer 
were  noted.  Half  an  ounce  of  a flrong  folu- 
tion  of  potafs,  which  had  been  wholly  deprived 
of  its  carbonic  acid  by  being  boiled  with  lime, 
was  then  thrown  into  the  jar  ; but,  although  it 
was  flrongly  agitated  with  the  air  in  the  jar  for 
a confiderable  length  of  time,  no  abforption 
whatever  took  place,  the  furface  of  the  folution 
of  potafs  remaining  exactly  at  the  fame  point 
of  the  fcale,  attached  to  the  jar,  as  on  its  firft 
introduction. 

A condenfation  of  the  air  in  the  jar  necef- 
farily  takes  place  on  the  introduction  of  the 
folution,  in  confequence  of  the  defcent  of  the 
mercury,  fo  that  the  point  of  the  fcale  occupied 
by  the  furface  of  the  folution  is  higher  than 
that  which  the  furface  of  the  mercury  had  oc- 
cupied. 

This  condenfation  is  eafily  dihinguifhed  from 
any  abforption  of  the  air,  becaufe  it  is  pro- 
portioned to  the  increafe  of  atmofphericai 
preffure  from  the  defcent  of  the  mercury,  and 
completed  at  the  moment  the  folution  of  potafs 
is  introduced. 

The  jar  and  its  contents  were  then  removed 
into  a tub  of  water,  and  a quantity  of  nitrous 
gas,  under  the  fame  atmofphericai  preffure  equal 
in  volume  to  the  air  which  the  jar  contained,  in- 
troduced 
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troduced  into  it.  The  nitrous  acid  was  immedi- 
ately formed,  and,  on  agitation,  the  water  rofe  to 
the  fame  point  of  the  fcale  it  occupied  before 
the  introduction  of  the  nitrous  gas.  The  whole 
ot  the  air  contained  in  the  jar,  therefore,  was 
atmofpherical  air. 

The  Holy-well  water,  then,  contains  no  car- 
bonic gas.  The  precipitate  occafioned  by  the 
Barytic,  Strontian  and  lime  water  confequently 
arofe  from  fome  other  part  of  its  contents. 

Sect  2. 

Of  the  Carbonats  contained  in  the  water  of  the  Holy -Well. 

8.  A dilute  infuiion  of  litmus,  prepared  with 
filtered  rain  water,  was  fenfibly  reddened  by  a 
very  fmali  quantity  of  acetous  acid.  It  was  then 
divided  into  two  equal  parts  ; to  the  one  was 
added  a certain  quantity  of  filtered  rain  water; 
to  the  other  the  fame  quantity  of  the  water  of 
the  Holy-well,  which  had  been  kept  feveral  days 
in  a bottle,  (lightly  corked.  The  latter  ap- 
peared of  a bluer  colour  than  the  other.  The 
fame  quantity  of  filtered  rain  water  was  again 
added  to  the  firft,  and  of  Holy-well  water  to  the 
other:  the  difference  of  colour  was  then  more 
confiderable.  This  experiment  was  feveral 
times  repeated  with  the  fame  refult. 

p.  Into  filtered  rain  water,  and  Holy-well 
water  at  the  fpring  head,  a little  of  an  infuiion 

of 
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of  litmus,  reddened  by  an  acid,  was  dropped. 
The  Holy-well  water  foon  aiTumed  a bluer 
colour.  Both  in  this,  and  the  former  experi- 
ment, I thought  the  difference  of  colour  con- 
tinued to  become  more  confiderable  for  feveral 
hours,  during  which  I occalionally  obferved  it. 

lo.  Thirty-two  ounces  of  Holy-well  water 
were  {lowly  evaporated  to  two  ounces  and  a 
half,  with  a fand  heat,  in  a glal's  retort  and 
receiver,  put  together  without  luting.  When 
about  one  half  of  the  water  had  paiTed  over 
into  the  receiver,  that  in  the  retort  had  aflumed 
a milky  appearance,  which  gradually  increafed, 
and  a white  powder  was  at  length  depofited,  part 
of  which  fubfided  very  (lowly.  This  powder 
was  feparated  by  filtering  the  water,  and  (ob- 
jected to  the  action  of  diluted  muriatic  acid. 
A confiderable  effervescence  took  place. 

The  acid  was  then  feparated  from  the  part  of 
the  powder  which  it  had  not  diffolved  by 
filtering;  and  to  this  acid  a few  drops  of  Sul- 
phuric acid  (fp.  gr.  1,85)  were  added,  without 
occasioning  any  precipitate  or  turbidnefs.  A 
few  drops  of  alcohol  (fp.  gr.  0,817)  were  then 
added,  and  the  temperature  raifed  to  above 
130°  of  Farenheit.  It  was  then  fet  apart  for 
twenty-four  hours.  At  the  end  of  this  time  a 
confiderable  depofition  of  felenite  was  formed. 
This  experiment  was  repeated  feveral  times 
with  the  fame  refult.  From  which  it  appears 

that 


that  the  powder  which  occafions  the  milkinefs  in 
this  water,  when  part  of  it  is  evaporated,  contains 
carbonat  of  lime. 

1 1 . The  firft  part  of  the  foregoing  experiment 
was  repeated ; but  indead  of  adding  to  the 
filtered  acid  fulphuric  acid  and  alcohol,  a little 
of  a foiution  of  ammonia  (fp.  gr.  1,26)  was 
dropped  into  it  : a cloud  appeared,  which  was 
gradually  formed  into  a light  white  precipitate,* 
lying  near  the  bottom  of  the  veffiel.  It  appears, 
fromvthis  experiment,  that  the  milky  appearance 
of  the  water  is  partly  owing  to  the  prefence 
of  magnefia. 

12.  On  examining  the  retOTts  in  which  the 
foregoing  did  illations  were  performed,  the  part 
which  had  contained  the  water  was  found  lined 
with  a thin  film.  A fmall  quantity  of  diluted 
muriatic  acid  was  poured  into  them.  Wherever 
the  acid  touched  the  film,  an  efferveicence 
enfued.  The  acid  was  then  filtered.  It  gave 
no  precipitate  with  oxalic  acid  ; but,  on  adding 
to  it  the  fame  fulphuric  acid  ufed  above,  (9.) 
a precipitate  was  immediately  formed,  which 
was  much  increafed  on  the  addition  of  a few 
drops  of  alcohol. 

It 

\ 

See  Mr.  Kirwan’s  Treatise  on  the  Analysis  of  Mineral  Waters, 
p.  93  an  i 94.  When  the  water  is  agitated  before  it  is  poured  out 
of  the  retort,  so  as  to  bring  away  with  it  the  powder  which  has 
fallen  to  the  bottom,  this  precipitate  is  of  a brownish  colour ; for  the 
cause  of  which  see  Ex  per.  15th. 
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It  feems,  at  firft  fight,  difficult  to  reconcile 

thefe  appearances,  as  the  oxalic  acid  is  a 

more  delicate  tell  of  lime  than  the  fnlphuric  ; 

they  are  readily  explained,  however,  when  we 

know  that  the  prefence  of  a mineral  acid  will 

• prevent  the  appearance  of  a precipitate  from  the 

oxalic  acid  riotwithlfanding  the  prefence  of 

lime.  44  Where  the  mineral  acids  abound,** 

Mr.  Kirwan  obferves  in  a Treatise  above  referred 

to,*  44  and  are  in  fome  meafure  difengaged  from 

44  any  combination,  they  either  decompofe  the 

44  faccharine  acid  or  diffoive  the  faccharated 

« 

44  lime,  if  any  be  formed,  and  thus  prevent, 
41  either  totally  or  partially,  the  appearance  of 
44  a precipitate,  as  I have  long  fince  obferved  ia 
44  analyfing  ffones.” 

13.  To  another  portion  of  the  diluted  acid 
ufed  in  the  laft  experiment,  to  whofe  action 
the  film  in  the  retoft  had  been  fubjeded,  a 
few  drops  of  the  fame  folation  of  ammonia  tried 
above  (ll.)  were  added;  a brow  nidi  white 
fleecy  precipitate  enfued.  The  film  formed  on 
the  retort,  then,  as  well  as  the  powder  obtained 
by  filtering,  contains  both  carbonat  of  lime  and 
carbonat  of  magnefia. 

14.  In  order  to  afcertain  whether  the  Holy- 
well  water  contains  iron,  a correfpondent  of  Dr. 

■3. 

M.  Wall  added  to  it  at  the  fpring  fome  infufion 
of  galls,  and  obferved  no  change  of  colour. 


* Page  88. 
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He  then  evaporated  a pint  and  a half  to  three 
ounces,  and  found  no  change  of  colour  on 
adding  to  it  infufion  of  galls, 

Thefe  experiments  I have  repeated  with  the 
tincture  of  galls  with  the  fame  refult.  The 
Holy-well  water,  evaporated  to  lefs  than  a 70th 
part  of  its  bulk,  gave  no  colour  either  with 
tincture  of  galls  or  prudiat  of  potafs. 

Water  may  contain  iron,  however,  which  will 
elude  thefe  means  of  detecting  it.  If  it  contains 
carbonat  of  iron  in  too  fmall  quantity  to  be 
defeated  by  the  teds  at  the  fpring,  we  fliall 
not  detect  it  in  the  water  evaporated  to  however 
fmall  a quantity,  becaufe  the  carbonat  of  iron 
will  he  depofited  during  the  evaporation. 

3 5.  To  afcertain  whether  the  Holy-well  water 
contains  any  carbonat  of  iron,  a gallon  wras 
flowly  evaporated  to  two  ounces  and  a half  in 
a glafs  retort  and  receiver,  luted  together.  It 
was  then  filtered,  and  the  powder  which  remain- 
ed in  the  filter  fubjected  to  the  adion  of  diluted 
muriatic  acid.  The  crud,  which  adhered  to  the 
retort,  was  alfo  fubjected  to  the  adion  of  the 
fame  acid.  Both  thefe  portions  of  acid  were 
found  to  contain  iron.  By  the  following  pro- 
cefs  any  ted  of  iron  will  readily  deted  it.  Both 
acids  we  have  feen  contain  lime.  This  was 
feparatedas  in  Exper.  lo,  a precipitate  fimilar  to 
that  jud  defcribed  (13.)  was  then  obtained  by  a 
folution  of  Soda,  and  allowed  to  fublide,  and  as 

much 
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much  of  the  fluid  poured  off  as  could  be  done 
without  difturbing  the  precipitate  : enough  of 
diluted  muriatic  acid  was  added  to  re-diflolve  the 
precipitate.  It  then  gave  a deep  purple,  with 
tindure  of  galls ; and  a copious  blue  precipitate, 
with  pruffiat  of  potafs.  * This  experiment  may 
be  made  without  feparating  the  lime,  which  is 
a tedious  procefs,  if  ammonia  be  ufed  inflead  of 
Soda;  as  by  the  former,  the  iron  may  be  preci- 
pitated, mixed  with  only  a fmall  quantity  of 
magnefla. 

The  foregoing  fubflances,  namely,  the  lime, 
magnefla  and  iron,  form  the  whole  of  what  is 
taken  up  by  the  diluted  muriatic  acid  fromthe 
precipitate  obtained  by  evaporating  the  Holy- 
well  water,  whether  the  powder  which  is  found 
in  the  remaining  water,  or  the  film  which  ad- 
heres to  the  retort,  is  fubjected  to  its  adion  ; 
for  thefe  are  of  the  fame  nature. 

A refiduum  is  left  after  the  adion  of  the 
acid,  on  which  I {hall  foon  have  occafion  to 
make  fome  obfervations : we  are  now  to  exa- 
mine 

* If  prussiat  of  potass  is  added  to  this  fluid,  as  long  as  any  blue 
precipitate  is  formed,  and  this  precipitate  is  separated  by  filtering, 
the  magnesia  alone  may  then  be  precipitated  by  a solution  of 
ammonia.  This  experiment  I have  frequently  made : when  the 
magnesia  is  precipitated  as  above  (13.)  it  is  necessarily  mixed 
with  the  iron.  The  peculiar  appearance  of  the  precipitate 
sufficiently  indicates  its  presence.  It  is  to  be  recollected,  that 
the  acid  contains  no  other  substance  which  can  be  precipitated 
by  ammonia  but  iron  and  magnesia. 
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mine  the  water  left  in  the  retort  after  the  diftil- 
lation. 

16.  A gallon  of  Holy-well  water  was  evapo- 
rated in  a glafs  retort  and  receiver,  luted 
together,  to  two  ounces  and  a half;  to  which, 
after  it  was  filtered,  a little  of  a ftrong  folution 
of  ammonia  was  added.  After  it  had  flood  tor 
feveral  hours,  the  bottom  of  the  veffel  was 
covered  with  a frnall  quantity  ot  a white 
powder,  which,  after  it  had  remained  for  fome 
time  expcfed  to  the  air,  effervefced  with  acids. 
The  refult  of  this  experiment  might  have 
been  forefeen  from  what  has  already  been  faid, 
as  magnefia  is  not  wholly  depofited  by  ebul- 
lition till  the  water  is  evaporated  nearly  to 
drynefs. 

l 7.  A gallon  and  a half  of  Holy-well  water 
were  (lowly  evaporated  to  fifteen  ounces  in  a 
glafs  retort  and  receiver,  luted  together.  The 
water  remaining;  in  the  retort  was  then  filtered, 

O 9 

and  paper  llainedwith  turmeric  was  dipped  into 
it.  In  lefsthan  a minute, without  the  affiftance  of 
heat,  the  paper  was  changed  to  a reddifh  brown. 
From  this  experiment  it  appears  that  the 
Holy-well  water  contains  a carbonat  of  fixed 
alkali ; for,  according  to  Mr.  Kirwan,  the  only 
other  fubfiances  which  could  produce  this  effect 
are  pure  alkalis,  lime  and  carbonat  of  ammonia. 
The  firfr  never  exifts  in  mineral  waters.  If  car- 
bonat of  ammonia  exiils  in  the  Holy-well  water, 

it 
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it  mud  come  over  into  the  receiver  during  diffil- 
Jation.  If  the  effect  on  the  turmeric  paper  had 
proceeded  from  lime,  a pellicle  would  have  been 
formed  on  the  furface  of  the  water  remaining 
in  the  retort  by  expofure  to  air,  which  was  not 
the  cafe.  Uncombined  lime,  indeed,  is  very 
rarely  found  in  mineral  waters ; and  Bergman 
fays,  it  muff  be  in  hot,  not  in  cold  mineral 
waters,  that  it  exiffs. 

18.  The  prefence  of  a carbonat  of  fixed  alkali 
in  the  Holy-well  water  may  be  afcertained  in 
another  way,  equally  fimple,  which  at  the  fame 
time  proves  that  it  is  chiefly  owing  to  it  that  this 
water  poffeffes  the  power  of  neutralifing  acids. 
This  power  muff  arifefrom  the  prefence  of  car- 
bonats  of  fome  of  the  earths,  or  of  carbonat  of 
ammonia,  or  of  carbonat  of  a fixed  alkali.  If  it 
arifes  from  any  of  the  earthy  carbonats,  except 
the  carbonat  of  magnefia,  or  from  carbonat  of 
ammonia,  ebullition  will  wholly  deffroy  it.  If 
from  carbonat  of  magnefia,  ebullition,  if  it  in- 
creafes  it  at  all,  will  increafe  it  only  in  a flight 
degree.  It  will  foon  arrive  at  its  maximum; 
and  beyond  this,  however  much  the  water  is 
evaporated,  it  will  be  impoffible  to  increafe  its 
power  of  neutralifing  acids. 

If  this  power  arifes  from  the  prefence  of  a car- 
bonat of  fixed  alkali,  it  will  beincreafed  by  evapo- 
ration nearly  as  long  as  any  of  the  water  remains. 
This  is  found  to  be  the  cafe  with  the  Holy-well 

E water. 
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water.  Evaporating  part  of  the  water  increafes 
its  power  of  neutralifing  acids  ; and  however 
far  the  evaporation  is  carried,  by  ^carrying  it 
farther,  this  power  is  ftill  increafed. 

The  exigence  of  a carbonat  of  fixed  alkali 
in  this  water  accounts  for  many  obferva- 
tions  which  have  been  made  refpe&ing  it. 
It  is  remarked,  that  clothes  may  be  wafhed 
in  it  with  lefs  foap  than  in  any  other  ; and 
that  veffels,  which  are  incrufied  by  hard  water 
having  been  boiled  in  them,  are  cleaned  by 
boiling  in  them  the  Holy-well  water. 

44  Upon  the  whole,”  Dr.  J.  Wall  obferves,5* 
44  too  much  care  cannot  be  taken  by  thofe  who 
f4  fend  for  this  water  from  the  well  that  their 
44  bottles  be  perfe&ly  clean  ; fince  it  is  known 
44  that  this  water  will  difTolve  thofe  foulneffes 
44  which  common  water  will  not  touch. 

44  Waters,  full  of  earthy  particles,  are  found 
44  to  foul  and  incruft  the  veffels  in  which  they 
44  are  boiled  ; as  is  evident  in  tea-kettles, 
44  &.c.  which  veffels  may  again  be  perfe&ly 
44  cleaned  by  boiling  fome  of  thefe  pure  waters 
44  in  them.” 

But  the  effetft  of  the  pureft  water  in  removing 
this  cruft  will  not  be  found  equal  to  that  of  the 
Holy-well  water,  and  indeed  is  very  trifling,  the 
cruft:  formed  being  fulphat  of  lime,  which  is 

very 


* See  his  Tracts,  p.  Ii7. 
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very  infoluble  in  water,  but  is  readily  decom- 
pofed  by  all  the  alkaline  carbonats. 

The  prefence  of  the  alkaline  and  other  car- 
bonats readily  accounts  for  the  precipitate  ob- 
tained by  Barytic,  Strontian  and  lime  water* 

19.  Thirty  ounces  of  Holy  well  water  were 
flowly  evaporated  to  lefs  than  a dram,  care  being 
taken  to  prevent  any  of  the  alkaline  carbonat 
from  remaining* on  the  {ides  of  the  vefTel  in 
which  the  evaporation  was  performed ; a folu- 
tion  of  tartareous  acid  (fp.  gr.  1,56)  was  then 
added  freely,  but  no  depofition  of  fupertartrite 
of  potafs  enfued  ; it  was  then  flowly  evaporated 
to  drynefs,  but  no  fupertartrite  of  potafs  was 
formed-  The  alkaline  carbonat  which  this  water 
contains,  therefore,  is  the  carbonat  of  Soda. 

20.  In  my  firft  did: illation s of  the  Holy-well 
water,  the  water  which  pafied  over  into  the  re- 
ceiver ftili  gave  precipitates  with  acetat  of 
lead  and  nitrat  of  lilver,  both  of  which  were 
prevented  by  the  previous  addition  of  an 
acid  to  the  diftilled  water.  It  feemed  a fair 
inference  from  thefe  circumftanees,  and  indeed 
Mr.  Kirwan,  in  his  Treatife  on  the  Analyfis  of 
Mineral  Waters  confiders  it  as  fuch,  that  the 
water  contains  carbonat  of  ammonia.  This 
opinion,  however,  feemed  improbable,  becaufe 
the  precipitates  given  by  the  firll  part  of  the 
water  which  came  over  were  lefs  copious  than 
thofe  given  by  the  water  previous  to  diiliilation. 

It 
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It  was  wholly  fet  afide  by  its  being  found,  in 
the  above  diflillations,  that  the  water  which 
came  over  firft  did  not  give  more  copious  pre- 
cipitates than  that  which  came  over  towards  the 
end  of  the  difiillation. 

I could  only  explain  the  appearance  of  thefe 
precipitates  by  fuppofing  that  a fmall  part  of 
the  carbonat  of  Soda  ’had  paffed  over  with  the 
water,  from  the  difiillation  having  been  con- 
duced too  rapidly,  although  it  had  been  per- 
formed in  a very  large  retort,  whofe  contents 
were  many  gallons,  and  in  which  I put  only  a 
gallon  or  a gallon  and  a half. 

21.  To  ascertain  the  truth  of  this  opinion,  a 
gallon  of  Holy-well  water  was  diiiilled  to  a few 
ounces  in  a glafs  retort  and  receiver,  with  a 
heat  below  the  boiling  temperature.  The  water 
which  came  over  gave  no  precipitate  either  with 
acetat  of  lead  or  nitrat  of  fiiver. 

22.  A fmall  quantity  of  carbonat  of  Soda  was 
diffolved  in  filtered  rain  water,  which,  1 had 
previoufly  found,  gave  no  precipitate  with  either 
of  the  foregoing  teds.  It  was  diflilled  in  a glafs 
retort  and  receiver,  in  a heat  which  made  it  boil 
pretty  brifkly.  The  water  which  came  over 
gave  a precipitate  with  both  acetat  of  lead  and 
nitrat  of  fiiver, 

23.  But  the  carbonat  of  Soda  is  not  the  only 
part  of  the  folid  contents  of  the  Holy-well  water 
which  comes  over  if  the  difiillation  be  rapid. 

I three 
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I three  times  diftilled  a quart  of  this  water  in 
the  fame  retort  and  receiver,  with  different 
degrees  of  heat,  and  found  that  the  powder 
obtained  by  filtering  the  water  which  remained 
in  the  retort,  was  lefs  in  proportion  as  the  dis- 
tillation had  been  more  rapid.  It  is  on  this 
account  that,  in  the  dilfillations  I Shall  after- 
wards have  occafion  to  mention,  for  the  purpofe 
of  afcertaining  the  quantities  of  the  different 
carbonats,  the  water  was  not  permitted  to  boil. 

24.  It  is  mentioned  above  (15.)  that  a refi- 
duum  is  left  after  the  adion  of  the  diluted 
marine  acid  on  the  precipitate  obtained  by” 
diffillation.  This  refiduum  remains  unchanged 
in  the  following  fluids,  although  the  temperature 
is  gradually  increafed  till  they  boil  : fulphuric 
acid  (fp.  gr.  1,85),  muriatic  acid  (fp.  gr.  1,12), 
nitric  acid  (fp.  gr.  1,146),  fluoric  acid  (fp.  gr. 
1,42),  ftrong  folutions  of  all  the  alkaline  car- 
bonats, a folution  of  ammonia  (fp.  gr.  1,26), 
alcohol  (fp.  gr.  817). 

25.  By  affrong  folution  of  potafs  or  Soda  it  is 
completely  diffolved  in  the  common  temperature 
of  the  air,  and  very  rapidly,  if  heat  is  applied. 

The  fluoric  acid  feems  to  ad  part iali y on  the 
refiduum  ; but  this  appearance  is  deceitful,  and 
proceeds  from  a circumffance  which  it  will  be 
neceflary  to  explain  at  length. 

In  diffilling  the  Holy-well  water  in  glafa 
veflels,  an  appearance  takes  place  which  I wan 

at 
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at  nrft  at  a lofs  to  account  for.  After  the  diftil- 
lation  has  continued  for  fome  time,  a number  of 
fhining  particles  appear  in  the  water  remaining 
in  the  retort  which  fparkle  in  the  funffiine. 
The  agitation  of  the  water  in  boiling  feems 
neceffary  to  their  appearance,  for  when  the 
difi illation  is  conducted  very  gently,  none  of 
them  are  found  in  the  water  : but  after  gently 
pouring  out  the  Malvern  water,  if  any  water  be 
flrongly  agitated  in  the  retort,  it  is  found  to 
contain  them;  and  if  the  preceding  diflillation 
has  been  long  continued,  generally  in  very  great 
quantity.  I found  that  they  were  infoluble  in 
the  fulphuric,  muriatic  and  nitrous  acids,  alfo  in 
folutions  of  the  alkaline  carbonats ; but  with  the 
affiftance  of  heat,  readily  foluble  in  folutions  of 
potafs  or  Soda.  Thefe  circumliances  rendered 
it  probable  that  they  were  filicious,  which,  toge- 
ther with  their  biiliiancy,  f iggefied  the  idea  of 
their  being  fine  laminae  feparated  from  the 
furface  of  the  glafs.  This  induced  me  to  boil 
the  Holy  well  waier  in  an  iron  veflel,  but  how- 
ever long  the  boiling  was  continued*  none  of  the 
fhining  particles  appeared.  When  I found  that 
this  water  contains  a carbonat  of  Soda,  it  did 
not  feem  improbable  that,  by  long  boiling,  the 
carbonat,  from  the  affinity  of  the  Soda  to 
glafs,  might  fo  loofen  the  furface  of  the  glafs 
that,  by  the  agitation  of  boiling,  fmall  laminae 
might  be  detached  from  it.  This  feemed  the 

more 
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more  probable,  as  glafs  is  eafily  diffolved  by 
boiling  foliations  of  pure  potals  or  Soda.  I 
have  myfelt  feen  the  bottom  of  a glafs  retort 
deeply  eroded  by  boiling  them  in  it  for  a few 
hours:  and  it  maybe  obferved,  that,  in  this 
inftance,  the  (hining  particles  appeared  in 
the  alkaline  folution.  Dr.  Prieftly  has  fhewn 
indeed  that  boiling  water  itfelf,  if  long  applied, 
will  diffolve  glafs.  In  order  to  afcertain  this 
point,  I repeatedly  boiled  in  a florence  flafk,  for 
fome  hours,  a weak  folution  of  carbonat  of 
Soda,  and  found  that  the  fame  {hining  par- 
ticles made  their  appearance.  The  furface 
of  the  glafs  feems  to  be  that  which  is  moft 
eafily  detached  ; for  I found  that  when  a 
folution  of  Soda  was  repeatedly  boiled  in  the 
fame  flafk,  the  {hining  particles,  at  lengih, 
either  ceafed  to  appear  or  appeared  in  fmall 
quantity  : but  if  the  flafk  was  fo  placed  that  the 
fluid  touched  a frefh  furface,  they  then  made 
their  appearance  as  at  firft. 

This  appearance  feems  conftantly  to  attend 
the  folution  of  glafs  in  a boiling  fluid.  I have 
juft  remarked,  that  it  takes  place  when  a folution 
of  potafs  or  Soda  is  boiled  in  it.  I have  found 
that  boiling  the  fluoric  acid  in  a glafs  vefTel  pro- 
duces the  fame  effech  The  furface  of  the  glafs 
feems  loofened  by  the  folvent,  and  broken  off  by 
the  agitation  of  boiling.  As  thefe  (hining  par- 
ticles remain. -in  the  filtering  paper  with  the 
. refiduum, 
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Yefiduum,  they  account  for  the  apparent  a&ion 
of  the  fluoric  acid. 

Sect.  3. 

Of  the  Saline  contents  of  the  water  of  the  Holy-well. 

The  only  acids,  if  we  except  the  carbo- 
nic gas,  which  have  been  found  to  exifl  in 
mineral  waters,  are  the  fulphureous,  fulphuric, 
muriatic,  nitric  and  boracic  acids. 

Of  thefe  the  fulphuric,  muriatic  and  nitric  acids 
have  never  been  found  un  com  timed  in  thefe  wa- 
ters. The  fulphuric  acid  has  been  found  femi- 
combined.  The  fulphureous  and  boracic  acids 
have  been  found  uncombined ; they  do  not, 
however,  exift  in  this  flate  in  the  Holy-well 
water,  as  appears  from  the  experiments  which 
have  been  related. 

Neither  the  fulphureous  nor  boracic  acid  have 
been  found  in  a combined  flate  in  mineral 
waters.  Mr.  Kirwan  thinks  the  former  probably 
exifls  in  this  flate  in  fome  of  the  hot  ful- 
phureous waters.  Of  the  latter  he  obferves, 
“ the  boracic  acid,  uncombined  with  any  bafis 
41  has  been  found  in  fome  lakes  in  Italy.  16 
“ Roz.  Journ.  and  2 Mem.  Dijon,  1784,  p.  151. 
44  In  a combined  flate  with  natron  it  probably 
44  exifls  in  thofe  lakes  of  Thebet  and  Perfia, 
41  where  tinckai  is  found;  perhaps,  alfo  in  Hun- 
44  gary,  where  lakes  abounding  in  natron  occur, 

and 
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il  and  where  it  does  not  appear  to  have  been 
41  fought  for  * 

The  only  acids,  therefore,  which  we  are  to  look 
for  in  the  Holy-well  water,  are  the  lulphuric, 
muriatic  and  nitric  acids,  in  a Hate  of  combina- 
tion. 

25.  A few  drops  of  a folution  of  nitrat  of 
Barytes  was  added  to  the  Holy-well  water  at  the 
fpring.  No  precipitate  nor  cloud  enfued. 

26.  Thirty  ounces  of  this  water  were  eva- 
porated to  two  ounces  ; to  which,  more  acetous 
acid  than  was  neceflary  to  faturate  the  balls  of 
the  alkaline  carbonat  it  contains,  was  added. 
A folution  of  acetat  of  Barytes  was  then  dropped 
into  it ; a white  precipitate  immediately  en- 
fued. 

From  thefe  experiments  it  appears  that  the 
Holy-well  water  contains  fulphuric  acid,  but 
not  in  confiderable  quantity. 

27.  More  nitrous  acid  was  added  to  fome 
Holy-well  water  than  was  fufficient  to  faturate 
the  bales  of  the  carbonats  it  contains,  and  without 
any  previous  diff illation  a folution  of  nitrat  of 
jfilver  was  dropped  into  it  ; a cloud  immediately 
appeared.  This  water,  therefore,  contains  mu- 
riatic acid. 

28.  The  muriatic  acid  may  eafily  be  obtained 
from  it  in  a difengaged  Hate.  The  water  was 
boiled  till  the  earthy  carbonats  were  precipitated; 

it 

* Mr.  Kirwan's  Treatise  on  the  Analysis  of  Mineral  Waters,  p.  14, 
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it  was  then  filtered  and  evaporated  to  drynefs. 
A white  cruft  remained,  which  decrepitated  with 
heat,  and  effervefced  with  fulphuric  acid*  the 
muriatic  acid  being  difengaged  in  the  form  of 

gas. 

A gallon  and  a half  of  this  water  were 
evaporated  in  a glafs  retort  and  receiver,  luted 
together,  to  fifteen  ounces.  Part  of  the  water 
which  remained  in  the  retort  was  deprived  of 
its  fulphuric  acid  by  dropping  into  it  a folution 
of  acetat  of  Barytes,  and  of  its  muriatic  acid  by 
dropping  into  it  a folution  of  acetat  of  fllver,  as 
long  as  any  precipitate  could  be  obtained,  and 
filtering  it.  It  now  contained  only  acetats  and 
nitrats,  if  any  exift  in  the  Holy-weil  water. 
It  was  then  evaporated  to  drynefs,  and  the 
acetats  diffolved  by  treatingthem  with  alcohol.* 
No  nitric  acid  was  difengaged  on  treating  the 
refiduum  with  ftrong  fulphuric  acid.  This  wa- 
ter, therefore,  contains  no  nitric  acid. 

It  appears,  then,  from  all  that  has  been  faid, 
that  the  Holy-well  water  contains  the  carbonats 
of  Soda,  lime,  magnefia  and  iron,  and  the  ful- 
phuric and  muriatic  acids  in  a combined  ftate. 
It  remains  to  be  afcertained  with  what  fubftances 
thefe  acids  are  combined. 

In  order  to  abridge  the  labour  of  analyfing 
mineral  waters,  Mr.  Kirwan  gives  a table  of 

incom- 


* See  Mr.  Kinvan’s  Treatise  on  tie  Analysis,  &c.  p,  .12$. 
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incompatible  falts.  Under  the  firft  head  he 
mentions  alkaline  carbonats  as  incompatible 
with  earthy  or  metallic  fulphats,  muriats  or 
nitrats.  To  this,  however,  there  is  one  ex- 
ception, for  he  gives  three  inftances  in  which 
fmall  quantities  of  fulphat  of  lime  were  found  in 
the  fame  water  with  alkaline  carbonats. 

I found  that  the  powder  obtained  in  the  diftil- 
lation  juft  mentioned,  in  which  a gallon  and  a 
half  was  evaporated  to  fifteen  ounces,  contained 
no  fulphat  of  lime.*  This,  however,  is  not 
a fair  experiment,  as  the  quantity  of  carbonat 
of  Soda  in  a given  portion  of  the  water  was  fo 
increafed  by  the  evaporation  that,  if  fulphat  of 
lime  does  exift  in  the  Holy-well  water,  it  muft: 
have  been  decompofed  in  this  experiment  : nor 
can  the  experiment  be  performed  in  this  way  fa- 
tisfactorily  ; for  it  is  necefiary  toevaporate  a great 
part  of  the  Holy-well  water  before  a fufficient 
quantity  of  the  fediment  can  be  procured.  I 
therefore  performed  the  experiment  in  the  fol- 
lowing manner. 

30.  Three  pints  of  it  were  boiled  in  a glafs 
retort  till  fome  degree  of  turbidnefs  appeared: 
it  was  then  filtered,  returned  to  the  retort,  and 
evaporated  to  about  five  ounces,  which  was 

found 

* After  it  had  been  treated  with  diluted  muriatic  acid,  it  was 
boiled  with  a strong  solution  of  carbonat  of  Soda,  and  then  again 
subjected  to  the  action  of  muriatic  acid,  after  being  washed  to  free 
it  from  the  carbonat  of  Soda  ; no  effervescence  ensued. 
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fbunrl  to  give  as  copious  a precipitate,  with  a 
folution  of  nitrat/of  Barytes,  as  if  it  had  not 
been  filtered.  This  experiment  proves  that  the 
alkali  acquires  no  fulphuric  acid  during  evapora« 
tion  from  that  part  of  the  contents  of  the  water 
which  is  fir  ft  precipitated  by  boiling,  and  con- 
feqnently  that  the  Holy-well  water  contains  no 
fulphat  of  lime. 

It  appears  from  what  has  been  faid,  that  the 
fulphuric  and  muriatic  acids  found  in  this  water 
mull  be  combined  with  an  alkali. 

31.  Three  pints  of  it  were  evaporated  to 
about  five  ounces  and  a half,  in  a glafs  retort 
and  receiver,  to  which  fome  lime  was  added, 
and  to  the  firft  dram  of  water  which  came  over 
after  the  addition  of  the  lime,  a few  drops  of  a 
folution  of  acetat  of  lead  were  added,  without 
©ccafioning  any  cloud  or  precipitate.  The 
alkali  with  which  the  foregoing  acids  are  com- 
bined, therefore,  is  a fixed  alkali. 

32-  Sixty  ounces  of  this  water  were  flowly 
evaporated,  in  a glafs  retoit  and  receiver,  to 
four  ounces,  which  were  filtered ; and  the  car- 
bonat  of  Soda  was  decompofed  and  the  Soda 
faturated  with  acetous  acid.  A folution  of 
acetat  of  Barytes  was  then  added  as  long  as 
any  precipitate  appeared.  After  being  allowed 
to  ftand  for  fume  hours,  the  water  was 
again  filtered  to  feparate  this  precipitate,  and 
evaporated  in  a temperature  below  the  boiling 

point 
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point  to  a dram  and  a half.  A folution  of 
tartareous  acid  (fp.  gr.  1,56)  was  then  freely 
added  ; a depofition  of  tartrite  of  Barytes  im- 
mediately enfued,  in  confequence  of  the  water 
containing  fome  acetat  of  Barytes;  but  no 
fupertartrite  of  potafs  was  formed.  The  water 
was  then  (lowly  evaporated  to  drynefs,  without 
the  appearance  of  any  fupertartrite  of  potafs. 
The  fulphat  therefore  is  not  fulphat  of  po- 
tafs. , 

33.  Thirty  ounces  of  this  water  were  flowly 
evaporated,  in  a glafs  retort  and  receiver,  to 
two  ounces,  and  hitered.  The  carbonat  of  Soda, 
as  in  the  laft  experiment,  was  then  decompofed, 
and  the  Soda  faturated  with  acetous  acid.  A 
folution  of  acetat  of  fiver  was  then  dropped 
into  it,  as  long  as  any  precipitate  appeared; 
and  after  being  allowed  to  Hand  for  fome  hours, 
it  was  filtered,  and  evaporated  in  a temperature 
below  the  boiling  point  to  lefs  than  a dram. 
The  fame  folution  of  tartareous  acid  ufed  in 
the  lalt  experiment  was  then  freely  added  to  it: 
no  fupertartrite  of  potafs  appeared.  It  was 
then  flowly  evaporated  to  dryntfs,  without  any 
fupertartrite  of  potafs  being  formed.  The 
muriat,  therefore,-  is  not  rnuriat  of  potafs. 

It  follows,  from  thefe  experiments,  that  the 
fulphuric  and  muriatic  acids  found  in,  the 
Holy-well  water  are  combined  with  Soda. 
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The  contents  of  the  water  remaining  in  the 
retort  after  partial  diflillation,  then,  are  fulphat, 
muriat  and  carbonat  of  Soda. 

It  appears  from  all  that  has  been  faid,  that 
the  contents  of  the  Holy-well  water  are  the 
carbonats  of  Soda,  lime,  rnagnefia  and  iron  ; 
the  fulphat  and  muriat  of  Soda,  and  the  reli- 
daum  above  mentioned  (24.) 

Sect.  4. 

Of  the  quantity  of  Carbonats  contained  in  the  water  of  the 

Holy-wetL 

To  afcertain  the  quantity  of  the  alkaline  car- 
bonats  in  mineral  waters,  Mr.  Kirwan  advifes 
that  the  alkali  fhould  be  faturated  by  diluted 
fill ph uric  acid,  whole  proportion  of  real  acid  is 
known  from  its  fpeciffc  gravity,  the  quantity 
required  being  noted.  This  method,  however, 
cannot  be  employed  in  the  analyfis  of  fuch 
waters  as  that  of  the  Holy-well,  becaufe  it  con- 
tains other  fubdances  capable  of  neutralizing 
acids.  To  enable  ns  to  draw  any  conclufion 
from  fuch  an  experiment  in  the  cafe  before  us, 
all  the  carbonats,  except  that  of  Soda,  mud  be 
feparated  from  the  water;  and  this  difficulty, 
we  fhall  find,  is  the  caufe  of  another,  which  it 
does  not  feem  eafy  to  furmount. 

34.  Various  quantities  of  Holy-well  water, 
from  a quart  to  a gallon,  were  evaporated  with 

a gentle 
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a gentle  beat,  in  glafs  retorts  and  receivers,  to 
a fifteenth  or  twentieth  part  of  their  bulk;  they 
were  then  filtered,  and  a ftrong  folution  of 
ammonia  being  dropped  into  them,  they  were 
allowed  to  remain  at  reft  from  twelve  to 
twenty-four  hours  : at  the  end  of  this  time  they 
were  again  filtered.  By  thefe  proceftes  they 
were  deprived  of  all  their  carbonats,  except  the 
carbonat  of  Soda.  They  were  then  boiled  for 
a fufficient  length  of  time  to  expel  the  ammonia. 

To  afcertain  what  quantity  of  carbonat  of 
Soda  they  contained,  diluted  fulphuric  acid, 
whofe  quantity  of  real  acid  had  been  afcer- 
tained,  was  added  to  them,  the  litmus  being 
ufed  as  the  teft  of  faturation ; but  the  refults 
of  no  two  of  thefe  experiments  correfponded, 
and  all  of  them  indicated  lefs  carbonat  of  Soda 
than,  from  other  experiments,  I had  reafon  to 
believe  the  water  contained.  That  I might 
avoid  every  caufe  of  error,  I performed  the 
cliff  illations  very  flowly,  fome  of  them  without 
permitting  the  water  to  boil ; retorts  were  ufed 
which  had  never  been  employed  for  any  other 
purpofe,  and  which  were  repeatedly  wafhed 
with  the  Holy-well  water,  arid  the  filtering  paper 
was  that  mentioned  in  the  introdudion. 

With  ail  thefe  precautions,  I could  arrive  at  no 
conclusion  refpeding  the  quantity  of  the  alkaline 
carbonat.  The  greater  the  quantity  of  water, 
and  cpnfe<ju$ntly  the  larger  the  veftels  .employ^ 
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ed,  the  more  diffimilar,  in  general,  was  the 
refult.  Thefe  circumffances  can  only  be  attri- 
buted  to  the  carbonat  having  met  with  more 
or  lefs  acid,  notwithstanding  the  precautions 
employed,  in  the  tedious  procefs  it  underwent 
to  prepare  it  for  the  fulphuric  acid.  And 
although  this  acid  would  difplace  that  which 
the  Soda  had  attracted,  the  difplaced  acid  would 
equally  with  the  fulphuric  affect  the  litmus. 
I found,  indeed,  that  even  handling  the  filter- 
ing paper  was  capable,  owing  to  the  acid  which 
efcapes  by  infenfible  perfpiration,  of  influencing 
the  refult  of  this  experiment.  After  devoting 
much  time  to  it,  I was  convinced  that  no  cer- 
tain conclufion  refpe&ing  the  quantity  of  the 
carbonat  of  Soda  could  be  drawn  from  it.  I 
therefore  had  recourfe  to  another  method, 
which  may  be  regarded  as  decifive,  becaufe, 
in  repeating  it,  the  relults  were  found  to  cor- 
refpond. 

35.  Half  a grain  of  carbonat  of  Soda  was  dif- 
folved  in  twelve  ounces  of  diftilled  water,  which 
were  heated  to  136°.  Paper  ffained  with  tur- 
meric was  allowed  to  remain  in  it  for  one  minute 
at  this  temperature.  It  was  not  at  all  reddened. 
This  water  was  gradually  evaporated  at  a tempe- 
rature never  exceeding  140".  and  at  fhort  inter- 
vals flips  of  paper  ffained  with  turmeric  were 
dipped  into  it  and  allowed  to  remain  in  it  exaclly 
a minute,  and  as  foon  as  the  tinge  it  gave  to  the 

paper 
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paper  was  decidedly  red,  it  was  removed  from 
the  fire  and  mealured  ; at  this  time  the  tempe- 
rature was  1240.  The  quantity  of  water  was 
found  to  be  nine  ounces. 

Four  ounces  ot  Holy-well  water  were  heatqd 
to  l 36° ; at  this  temperature  it  did  not  affed  the 
colour  of  paper  flained  with  turmeric,  and  al- 
lowed to  remain  in  it  one  minute.  The 
evaporation  was  continued  in  a temperature 
never  exceeding  140%  and  gradually  lefTened  to 
l *24^,  the  flips  of  paper  being  ufed  at  fhort  in- 
tervals as  before.  When  a decidedly  red  tinge 
was  obferved,  on  allowing  the  paper  to  remain 
in  it  for  a minute  in  a temperature  of  124°,  it 
was  removed  from  the  fire  and  meafured:  it 
was  found  to  have  loll  juft  one  fourth.  From 
this  experiment  it  is  evident  the  quantity  of 
carbonat  of  Soda  in  a gallon  of  Holy-well  water 
is  eafily  calculated.  The  refult  is  5,33  grs. 

36.  Half  a grain  of  carbonat  of  Soda  was 
difTolvedin  eleven  ounces  of  diftilled  water,  and 
expofed  to  a temperature  of  115°.  The  paper 
flained  with  turmeric  was  ufed  as  before  ; but 
I now  meafured  the  water  as  foon  as  the  leaft 
difcolouration  appeared  in  the  paper  after  it 
had  remained  in  it  for  a minute  in  the  above 
temperature,  and  found  the  quantity  to  be  ten 
ounces  and  a half. 

Four  ounces  of  Holy-well  water  difcoloured 
the  paper,  allowed  to  remain  in  it  for  the  fame 
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length  of  time  in  the  fame  temperature,  when 
one  eighth  was  evaporated.  I was  furp-rifed, 
on  making  the  calculation,  to  find  that  this 
experiment  gave  precifely  the  fame  refult  as 
the  preceding,  5,33  grs.  of  carbonat  of  Soda  in 
a gallon,  that  is,  128  ounces. 

In  making  thefe  experiments  the  paper  muff 
not  be  allowed  to  touch  the  bottom  of  the  vef- 
fel,  and  it  mud  be  examined  the  moment  it  is 
taken  from  the  water;  elfe  the  red  tinge  will  ap- 
pear fooner  than  it  ought  to  do,  in  the  former 
cafe,  from  the  higher  temperature  of  the  bottom 
of  the  veffel,  and  in  the  latter  from  the  eva- 
poration of  part  of  the  water  which  adheres  to 
the  paper  by  which  the  alkaline  folution  which 
remains  on  it  is  rendered  dronger.  This  in- 
creafe  of  rednefs,  for  fome  feconds  after  it  is 
removed  from  the  water,  is  very  obfervable. 
The  rednefs  does  not  continue  to  increafe 
however;  and  when  the  paper  is  dry,  unlefs 
it  has  been  condderable,  it  is  no  longer  to  be 
perceived.  The  red  tinge  is  more  readily 
obferved  if  the  wet  paper  is  laid  on  fomething 
white. 

37 . In  order  to  afcertain  the  quantity  of  carbo- 
nat of  lime  which  the  Holy-well  water  contains, 
a gallon,  which  had  been  kept  only  24  hours, 
was  evaporated  in  a temperature  below  the 
boiling  point  in  a glafs  retort  and  receiver, 
luted  together,  to  two  ounces  and  fix  drams. 

The 
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The  diftillation  occupied  between  three  and 
four  days.  The  water  remaining  in  the  retort 
was  then  filtered,  and  the  powder  which  re- 
mained on  the  filter  Subjected  to  the  ablion  of 
diluted  muriatic  acid;  a confiderable  efferves- 
cence enfued.  The  lame  portion  of  acid  was 
repeatedly  palled  through  the  paper,  and  then 
d i [filled  water  paffed  through  it,  till  the  water 
came  away  taftelefs.  The  cruft  on  the  retort 
was  then  in  like  manner  fubjecled  to  the  re- 
peated action  of  diluted  muriatic  acid,  and 
wafhed  repeatedly  with  Small  quantities  of 
diftilled  water,  in  order  to  obtain  the  whole 
of  the  acid  which  had  been  put  into  the  retort: 
the  diluted  acid,  and  the  water  with  which  the 
powder  and  cruft  in  the  retort  had  been  wafhed, 
were  put  together,  and  fome  Sulphuric  acid  (Sp. 
gr.  1,85)  was  added  to  them.  They  were  then 
evaporated  to  one  half  at  a low  temperature,  and 
at  that  of  1 35°,  alcohol  (Sp.  gr.  817)  was  repeat- 
edly added  to  them.  They  w^ere  now  placed  in 
a temperature  of  between  60  and  70°,  in  which 
they  were  allowed  to  remain  for  48  hours. 
At  the  end  of  this  time  a copious  depofition  of 
fulphat  of  lime  had  taken  place,  which  was  Sepa- 
rated from  the  fluid  by  filtering,  and  dried  by 
expofure  for  many  hours  to  a temperature  of 
about  l 70  . It  was  now  found  to  weigh  2,5  grs. 

Sulphat  of  lime  (according  to  Mr.  Kirwan) 
dried  in  a temperature  of  170°,  confifts  of  50,39 

acid 
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acid,  35,23  lime,  14,38  water.  It  requires  a 
white  heat  wholly  to  deprive  it  of  water  : 2,5 
grs.  of  fulphat  of  lime,  therefore,  contains  0,88 
grs.  of  lime.  100  parts  of  carbonat  of  lime  (ac- 
cording to  Mr.  Kirwan)  contain  45  of  acid  and 
55  of  lime  ; therefore,  0,88  grs.  of  lime  give 
1,6  of  carbonat  of  lime,  the  quantity  contained 
in  a gallon  of  Holy-well  water. 

38.  In  order  to  afcertain  the  quantity  of  car- 
bonat of  magnefia  in  the  Holy-well  water,  to 
the  water  remaining  in  the  retort,  in  the  laft 
experiment,  after  it  was  filtered,  a flrong  folia- 
tion of  ammonia  was  added;  and  after  it  had 
been  allowed  to  Hand  for  twelve  hours,  it  was 
agitated  in  the  veffel  till  all  the  magnefia  that 
had  been  depofited  was  mixed  with  the  water  ; 
it  was  then  filtered  to  obtain  the  magnefia, 
which  was  diflolved  in  diluted  muriatic  acid, 
and  added  to  the  acid  from  which  the  fulphat  of 
lime  was  feparated  in  the  la  If  experiment.  A 
folution  of  Soda  was  then  added  to  them  as 
long  as  any  ps  ecipitate  appeared.  I he  magnefia 
and  iron  were  thus  obtained  in  the  form  of  a 
reddifih  brow-n  fleecy  precipitate,  which  was  al- 
lowed to  fail  towards  the  bottom  of  the  vefTel, 
and  after  pouring  off  the  clear  fluid,  re-diffolved 
in  a fmall  quantity  of  diluted  muriatic  acid.  The 
iron  was  then  precipitated  by  pruffiat  of  potafs; 
and  in  about  twelve  hours  after,  removed  by  fil- 
tering* The  fluid  now  contained  nothing  capable 

of 
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of  being  precipitated  by  carbonat  of  Soda  but 
magnefia.  A folution  of  this  carbonat  was  drop- 
ped into  it  as  long  as  any  precipitate  appeared, 
by  which  the  magnefia  was  obtained  in  the  fiate 
in  which  it  exifts  in  the  water.  It  was  feparated 
by  filtering,  and  dried  in  a temperature  of  8o°  for 
twelve  hours,  and  found  to  weigh  1,166  grs.  but 
this  includes  a fmall  quantity  of  water,  for  it 
requires  a temperature  of  6oo«  to  expel  from 
magnefia  the  whole  of  its  water.  Mr.  Kirwan 
has  (hewn  that  loo  grs.  of  carbonat  of  magnefia 
dried  at  8o°  contain  45  of  magnefia  ; therefore, 
1,166  grs.  of  carbonat  of  magnefia  dried  at 
8o°  contain  0,524  of  magnefia.  According 
to  the  fame  chemift,  79  grs.  of  carbonat  of 
magnefia  contain  34  of  acid  ; therefore,  0,524 
grs.  of  magnefia  give  of  carbonat  of  magnefia 
0,9! 99  grs.  the  quantity  contained  in  a gallon 
of  Holy-well  water. 

39.  In  order  to  afcertain  the  quantity  of 
carbonat  of  iron  in  the  Holy-well  water, 
a gallon  * was  evaporated  to  drynefs  in  a glafs  re- 
toit  and  receiver,  luted  together,  in  a tempera- 
ture below  the  boiling  point.  The  difdillat ion 
Occupied  between  four  and  five  days.  A white 
cruft  was  left  in  the  part  of  the  retort  which  the 
water  had  occupied.  This  was  fubmitted  to  the 
a&ion  of  diluted  muriatic  acid ; a ftrong  effer- 

velcence 

* It  was  brought  from  the  spring  to  Worcester,  and  immedi- 
ately put  into  the  retort.  ' \ 
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vefcence  enfued.  The  acid  was  repeatedly 
applied  to  every  part  of  the  retort  which  the 
water  had  touched;  and  after  the  acid  was 
poured  out,  the  fame  parts  were  repeatedly 
wafhed  with  final!  quantities  of  diddled  water, 
which  were  added  to  the  acid;  the  whole  ^was 
then  filtered.  The  acid  which  remained  un- 
combined was  neut rallied  by  a firong  folution 
of  ammonia  ; and  .this  folution  was  added  as 
long  as  any  precipitate  appeared.  The  pre- 
cipitate was  then  fe.pa rated  by  filtering,  and  re- 
difTolved  in  diluted  muriatic  acid  : a lolution  of 
prufilat  of  pot.afs  was  then  dropped  into  it  as 
long  as  any  blue  precipitate  was  formed  ; and 
this  precipitate,  after  it  had  flood  about  twenty- 
four  hours,  was  .removed  by  filtering.  The 
paper  in  which  it  was  obtained  had  been  dried 
in  a temperature  of  about  70°,  and  weighed  2 
grs.  It  was  again  dried  in  the  fame  tempera- 
ture, and  found  to  weigh  2,95  ; 0,95,  then, 
was  the  weight  of  the  prufilat  of  iron.  This 
pruffiat  is  compofed  of  equal  quantities 
of  oxide  of  iron  and  prufiian  acid.  The 
quantity  of  oxide  of  iron  obtained  from  a gallon 
of  Holy-well  water,  then,  is  0,475  : 100  parts 
of  carbonat  of  iron  contain  24  of  acid  and  76 
of  oxide  of  iron,  fo  that,  0,475  °f  oxide  gives 
0,625  of  carbonat  of  iron,  the  quantity  con- 
tained in  a gallon  of  Holy-well  water. 

In  efiimating  the  quantity  of  iron  in  mineral 
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waters,  Mr.  Kirwan  advifes  us  to  feparate  the 
magnefia,  if  any  exifts,  from  the  iron  by  ace- 
tous acid  ; but  the  quantity  of  both  is  fo  fmall 
in  the  prefent  cafe  that  I found  it  impoffible  to 
eftimate  the  quantity  of  iron  by  this  method. 

40.  Sixty  ounces  of  Holy-well  water  were 
kept  for  a fortnight  in  a bottle,  loofely  corked. 
They  were  then  evaporated,  in  a glafs  retort 
and  receiver,  to  four  ounces ; thefe  were  fil- 
tered, and  the  powder  obtained  and  the  film 
remaining  on  the  retort  were  treated  with 
diluted  muriatic  acid,  and  the  whole  of  the 
iron  diffolved  in  the  acid  obtained  in  the  fiate 
of  pruffiat,  as  in  the  laft  experiment,  in  a piece 
of  paper  weighing  gr.  2,  vand  dried  in  a tem- 
perature of  about  70°  : the  paper  was  again  dried 
in  the  fame  temperature,  but  the  weight  of  the 
pruffiat  was  fo  fmall  as  not  to  be  indicated  by 
a nice  balance.  It  appears,  therefore,  that  the 
Holy-well  water  lofes  its  iron  by  being  kept  ; 
but  as  it  holds  no  more  iron  in  folution  than 
it  can  hold  independently  of  the  prefence  of 
any  gas,  its  iron  is  loft  more  (lowly  than  a great 
portion  of  the  iron  of  moft  other  c halybeats. 

Sect.  5. 

Of  the  quantity  of  the  Saline  contents  of  the  -water  of  the 

Holy-well. 

41.  To  afcertain  the  quantity  of  fulphat  of 
Soda  in  this  water,  fixty  ounces  were  {lowly 
evaporated  in  a glafs  retort  and  receiver,  put 

together 
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together  without  luting,  to  four  ounces.  Before 
it  was  poured  out  of  the  retort  it  was  repeatedly 
patTed  over  every  part  of  the  retort  which  the 
water  had  touched,  during  the  evaporation,  that 
it  .might  take  up  any  of  the  fulphat  of  Soda 
which  had  been  left;  it  was  then  filtered,  and 
the  carbonat  of  Soda  decompofed,  and  t e Soda 
faturated  with  acetous  acid.  A folution  of 
acetat  of  Barytes  was  then  added  as  long  as 
any  precipitate  appeared  : it  was  allowed  to 

remain  at  red  above  twelve  hours.  The  pre- 
cipitate was  then  obtained  by  filtering  through 
a piece  of  paper,  which  weighed  2 grs.  and  had 
been  dried  in  a temperature  of  about  70% 
more  of  the  folution  of  acetat  of  Barytes  was 
added  to  the  filtered  fluid,  but  no  farther  pre- 
cipitate enfued.  The  paper  was  again  dried 
in  the  fame  temperature  ; it  was  now  found  to 
weigh  3 grs.  The  weight  of  the  fulphat  of 
Barytes,  therefore,  was  l gr.  Mr.  Fourcroy 
has  (hewn  that  fulphat  of  Barytes,  whether 
native  or  artificial,  contains  0,03  of  water  ; to 
expel  the  whole  of  which  requires  a red  heat'  : 
a grain  of  fulphat  of  Barytes,  therefore,  wholly 
deprived  of  its  water,  gives  0,97  of  real  fulphat 
of  Barytes.  Now,  Mr.  Kirwan  has  {hewn  that 
I70  grs.  of  real  fulphat  of  Barytes  indicate 
loo  grs.  of  defecated  fulphat  of  Soda  ; there- 
fore, 0,97  grs.  indicate  0,57  of  defecated  fulphat 
of  Soda,  or  1,347  of  chryflallifed  fulphat  of 
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Soda,  the  quantity  which  exifts  in  fixty  ounces 
of  Holy-well  water,  which  makes  2,8g6  grs.  in  a 
gallon. 

42.  To  afcertain  the  quantity  of  muriat  of 
Soda  in  the  Holy-well  water,  thirty  ounces  were 
flowly  evaporated  in  a glafs  retort  and  receiver, 
put  together  without  luting,  to  two  ounces. 
Before  the  water  was  poured  out,  it  was  repeat- 
edly applied  to  every  part  of  the  retort  which 
it  had  touched  during  the  evaporation.  It  was 
then  filtered,  and  the  Soda  faturated  with 
acetous  acid,  as  in  the  preceding  experiment. 
A folution  of  the  acetat  of  filver  was  now 
dropped  into  it,  as  long  as  any  precipitate  ap- 
peared. It  was  allowed  to  remain  at  red  above 
twelve  hours,  and  filtered  through  a piece  of 
paper  which  had  been  dried  in  a temperature 
of  about  70°.  and  weighed  2 grs.  The  filtered 
fluid  gave  no  precipitate  on  the  farther  addi- 
tion of  acetat  of  filver.  The  paper  was  again 
dried  in  the  fame  temperature,  and  found  to 
weigh  2,857  grs.  0,857,  was  weight  of 

the  muriat  of  filver.  Mr.  Kirwan  has  (hewn 
that  235  grs.  of  muriat  of  filver  indicate  100 
grs.  of  muriat  of  Soda  dried  at  a temperature  of 
8o°.  therefore,  0,857  grs.  of  muriat  of  filver 
denote  0,364  of  muriat  of  Soda,  the  quantity 
contained  in  thirty  ounces,  that  is,  1,553  grs. 
in  the  gallon. 

' 43*  I 
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43*  I made  feveral  experiments  to  afcertain 
the  quantity  of  the  refiduum,  (24,25.)  from 
which  it  appears  that  it  forms  about  one-third 
of  the  powder  obtained  by  evaporation  to 
about  one-twelfth  part,  befides  the  film  which 
remains  on  the  retort  after  the  action  of  the  acid, 
which  amounts,  perhaps,  to  about  one  half  as 
much  as  the  part  of  the  refiduum  found  in  the 
powder.  This  makes  the  quantity  of  refiduum 
in  a gallon  1,687  grs. 

The  contents  of  a gallon  of  the  Holy-well 
water,  then,  are, 


Carbonat  of  Soda  .... 

5’33  grs- 

Carbonat  of  lime  .... 

1,6 

Carbonat  of  magnefia  . . 

°>9199 

Carbonat  of  iron 

0,625 

Sulphat  of  Soda 

2,896 

Muriat  of  Soda 

1.553 

Refiduum  

1,687 

14,6109 

V 


CHAP.  II. 


( *3  ) 


CHAP.  II. 

OF  THE  WATER  OF  ST.  ANN’S  WELL. 

In  the  Analyfls  of  the  water  of  St.  Ann’s-well,  I 
{hall  follow  the  fame  plan  which  was  purfued  in 
that  of  the  Holy-well ; but  as  mod  of  the  experi- 
ments I am  about  to  relate  are  fimilar  to  thofe 
which  have  already  been  laid  before  the  reader, 
it  will  not  be  necedary  to  detail  them  with  the 
fame  minutenefs. 

Sect.  l. 

Of  the  Gafeous  contents  of  the  water  of  St.  Amis  well. 

44.  Lime  water  was  mixed  with  the  water  of 
St.  Ann’s  well,  in  equal  quantities,  at  thefpring; 
but  I did  not  perceive  that  the  tranfparency  was 
at  all  didurbed,  either  at  the  time  of  mixing 
them  or  for  fome  time  after  : nor  did  I perceive 
any  of  the  flocculi  obferved  when  the  Holy-well 
water  was  mixed  with  lime  water.  (1.) 

45.  Strontian  water  was  mixed  with  the  water 
of  St.  Ann’s  well,  in  equal  quantities,  at  the 
fpring : in  a fhort  time  they  became  turbid,  but 
not  to  the  fame  degree  as  the  Holy-well  water 
and  Strontian  water. 

45.  Barytic  water  was  mixed  with  it,  in  equal 
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quantities,  at  the  fpring  : the  turbidnefs  became 
greater  than  in  the  laft  experiment,  but  not  equal 
to  what  it  was  when  the  Holy-well  water  was 
ufed. 

47.  To  the  water  at  the  fpring  a few  drops  of  a 
flrong  folution  of  litmus  were  added,  fo  as  to  give 
the  whole  a flight  tinge:  the  litmus  w?as  not  at 
all  reddened  ; it  had  exa&Iy  the  fame  appearance 
as  if  the  infufion  had  been  dropped  into  diddled 
water. 

48.  Into  a glafs  veffel,  connected  by  means  of 
a glafs  tube  with  a mercurial  apparatus  for  the 
purpofe  of  examining  the  nature  of  gafes,  eight 
ounces  of  the  w^ater  of  St.  Ann’s  well  were  put  at 
the  fpring,  the  whole  contents  of  the  veffel  and 
tube  being  twelve  ounces  and  three  drams.  The 
experiment  was  conducted  precifely  in  the  fame 
way  with  a fimilar  experiment  mentioned  above, 
(7.)  and  the  refult  was  the  fame:  the  fame  folu- 
tion of  potals  ufed  in  that  experiment  was  intro- 
duced into  the  jar  which  received  the  air  which 
had  come  over  from  the  veffel  containing  the  wa- 
ter; but  although  it  was  drongly  agitatedwith  it  for 
a confiderable  length  of  time,  no  abforption  what- 
ever took  place.  The  jar  was  removed  into  a 
tub  of  water,  and  an  equal  voldme  of  nitrous  gas 
mixed  with  the  air  it  contained;  nitrous  acid  was 
formed,  and,  on  agitation,  the  water  rofe  to  the 
fame  point  of  the  fcale  attached  to  the  jar  which 
it  had  occupied  before  the  introduction  of  the 

nitrous 
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nitrous  gas.  The  whole  of  the  air  contained  in 
the  jar,  confequently,  was  atmofpherical  air. 

The  water  in  St.  Ann’s  well,  therefore,  contains 
no  carbonic  gas  ; the  precipitate  occafioned  by 
the  Barytic  and  Strontian  water,  then,  mult 
arife  from  fome  other  part  of  its  contents. 

Sect.  2. 

Of  the  carbonats  contained  in  the  water  of  St.  Amis  well . 

49.  A dilute  infufion  of  litmus  prepared  with 
filtered  rain  water  was  fenfibly  reddened  by  a 
very  fmall  quantity  of  acetous  acid  ; it  was  then 
divided  into  two  equal  parts ; to  the  one  was 
added  a certain  quantity  of  filtered  rain  water,  to 
the  other  the  fame  quantity  of  the  water  of  St. 
Ann’s  well,  which  had  been  kept  for  fome 
time.  The  latter  appeared  of  a bluer  colour 
than  the  other. 

49.  Into  this  water  at  the  fpring  and  filtered 
rain  water,  a little  of  an  infufion  of  litmus,  red- 
dened by  an  acid,  \vas  dropped.  The  water  of 
St.  Ann’s  well  foon  affumed  a bluer  colour  than 
the  other. 

51.  Into  Holy-well  water,  and  water  of  St. 
Ann’s  well,  both  at  the  fpring,  a little  of  an  in- 
fufion of  litmus,  reddened  by  an  acid, was  dropped. 
The  former  affumed  a bluer  colour  than  the  latter. 
From  this  experiment  it  appears,  that  the  water 
of  St.  Ann’s  well  does  not  poffefs  fo  great  a power 
of  neutralizing  acids  as  that  of  the  Holy-well. 

52.  Three 
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52.  Three  pints  of  the  water  of  St.  Ann’s  well 
were  evaporated  in  a glafs  retort  and  receiver  t<§ 
about  four  ounces,  and  filtered  to  feparate  the 
powder  which  had  been  depofited  : this  powder 
was  fubjected  to  the  adtion  of  diluted  muriatic 
acid  : a confiderable  effervefcence  enfued.  The 
acid  was  then  filtered,  and  fome  firong  fulphuric 
acid  was  added  to  it ; a cloud  appeared,  which 
was  much  increafed  on  the  addition  of  alcohol. 
The  water  of  St.  Ann’s  well,  therefore,  contains 
carbonat  of  lime. 

53  The  acid  uf'ed  in  the  preceding  experiment 
was  filtered,  to  feparate  from  it  the  fuiphat  of 
iime,  and  a folution  of  pruffiat  of  potafs  was  drop- 
ped into  it;  a blue  precipitate  was  immediately 
formed  : from  which  it  appears,  that  the  water 
of  St.  Ann’s  well,  like  that  of  the  Holy-well, 
contains  iron.  This  water  itfelf,  however,  gives 
no  indication  of  iron,  either  at  the  fpring  or  after 
part  of  it  has  been  evaporated,  however  far  the 
evaporation  has  been  carried.  (14-) 

54.  A part  of  the  powder  obtained  by  evapo- 
rating two  gallons  of  the  water  of  St.  Ann’s  well 
to  twelve  ounces,  was  fubjected  to  the  action  of 
diluted  muriatic  acid  : the  acid  was  then  filtered, 
and  a firong  folution  of  ammonia  dropped  into 
it:  a whitifh  fleecy  precipitate  was  formed. 
This  water,  therefore,  alfo  contains  carbonat  of 
magnefia. 

54.  The  water  which  remained  in  the  retort 

in 
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in  the  diftillation  laft  mentioned,  reddened  paper 
ftained  with  turmeric,  indicating  the  prefence 
of  an  alkaline  carbonat.  (17.) 

55.  The  prefence  of  an  alkaline  carbonat 
was  alfo  proved  by  finding  that  when  the  water 
was  evaporated  to  a 15th  or  16th  part,  its 
power  of  neutralizing  acids  was  greatly  in- 
creafed.  (18.) 

56.  About  thirty-five  ounces  of  this  water 
were  {lowly  evaporated  to  two,  in  a glafs  retort 
and  receiver,  it  was  then  filtered  and  evaporated 
in  an  open  glafs  veflel,  with  a temperature  below 
the  boiling  point,  to  one  dram,  care  having 
been  taken  that  no  part  of  the  alkaline  carbo- 
nat fhould  be  left  on  the  fides  of  the  retort  in 
which  the  difiillation  was  performed.  A folu- 
tion  of  tartareous  acid  (fp.  gr.  1,56)  was  then 
freely  added,  but  no  preciptation  of  fupertar~ 
trite  of  potafs  took  place.  It  was  then  evaporated 
to  drynefs,  but  no  fupertartrite  of  potafs  was 
depoiited.  The  alkaline  carbonat  of  the  water  of 
St.  Anns  well,  therefore,  is  the  carbonat  of 
Soda. 

From  the  foregoing  experiments  it  appears 
that  the  water  of  St.  Ann’s  well  contains  all  the 
carbonats  found  in  that  of  the  Holy-well, 
namely,  the  carbonats  of  Soda,  lime,  mag- 
nefia  and  iron. 

57.  The  film  which  adheres  to  the  retort  is  of 
the  fame  nature  with  the  powder  which  floats  in 

the 
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the  water.  It  was  fubjedted  to  the  fame 
procefses  as  the  powder,  and  yielded  lime,  m ag- 
ue ii  a and  iron.  (l2,  13,  15.) 

The  refiduum  left  by  the  muriatic  acid  has 
the  fame  properties  with  that  obtained  from  the 
water  of  the  Holy-well.  (25). 

Sect.  3. 

Of  the  Saline  contents  of  the  water  of  St.  Amis  well . 

58.  A few  drops  of  a folution  of  nitrai  of  Bary- 
tes was  added  to  this  water  at  the  fpring.  No 
precipitate  or  cloud  enfued. 

59.  Th  ree  pints  were  evaporated  in  a glafs 
retort  to  about  four  ounces,  and  filtered  : to  a 
part  of  it  more  nitrous  acid  was  added  than  was 
fufficient  to  faturate  the  Soda  it  contained;  a 
folution  of  nit  rat  of  Barytes  was  then  dropped 
into  it.  A white  precipitate  was  immediately 
formed. 

From  thefe  experiments  it  appears,  that  the 
water  of  St.  Ann’s  well  contains  fulphuric  acid, 
but  not  in  confiderable  quantity. 

60.  To  two  ounces  of  this  water,  without 
previous  diffiilation,  more  nitrous  acid  was 
added  than  was  neceffary  to  faturate  the  Soda  it 
contains:  a folution  of  nitrat  of  fiver  was  then 
dropped  into  it.  A cloud  immediately  appeared, 
demonftrating  the  prefence  of  muriatic  acid. 

61.  A quart  of  it  was  evaporated  in  a.  glafs 

retort 
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retort  and  receiver  to  about  two  ounces,  and 
deprived  of  its  fulphuric  and  muriatic  acid  by 
folutions  of  acetat  of  Barytes  and  of  acetat  of  fil- 
ver.  (29.)  It  was  then  evaporated  to  drynefs, 
and  the  acetats  were  diffolved  by  alcohol; 
fulphuric  acid  was  added  to  the  refiduum ; 
but  no  nitric  acid  was  difengaged.  From  this 
experiment  it  appears  that  the  water  of  St. 
Ann’s  well  contains  no  nitric  acid. 

This  water,  therefore,  like  the  Holy-well  water 
contains  only  the  fulphuric  and  muriatic  acids; 
for  it  appears  from  the  obfervations  made  above, 
(C.  1 . S.  3.)  that  it  is  only  thefe,  or  the  nitric  acid, 
that  we  are  to  look  for  in  it,  fince  it  contains  no 
difengaged  acid,  which  is  proved  by  the  experi- 
ments related  in  the  lad  Sedion.  It  remains  to 
be  afcertained  to  what  balls  the  foregoing  acids 
are  united. 

I have  already  had  occafion  to  obferve,  that 
under  the  firft  head  in  Mr.  Kirwan’s  Table  of 
incompatible  falts,  alkaline  carbonats  are  men- 
tioned as  incompatible  with  earthy  or  metallic 
fulphats,  muriats,  or  nitrats.  To  this  we  found 
there  is  one  exception,  as  fmall  quantities  of 
fulphat  of  lime  fometimes  exift  in  mineral  wa- 
ters with  fuch  carbonats.  To  afcertain  whe- 
ther the  water  of  St.  Ann’s  well  contains 
fulphat  of  lime,  the  following  experiment  was 
made. 

62.  Some  of  this  water  was  boiled  till  a flight 

1 degree 
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degree  of  turbidnefs  appeared ; it  was  then  fil- 
tered, and  the  evaporation  continued  till  it  was 
reduced  to  a tenth  part.  More  nitrous  acid 
than  was  fufficient  to  faturate  the  Soda  it  con- 
tained, was  then  added  to  it ; a folution  of  ni- 
trat  of  Barytes  was  now  found  to  occafion  as  co- 
pious a precipitate  from  it  as  if  it  had  not  been 
filtered.  No  part  of  the  fulphuric  acid  found 
in  this  water  after  partial  evaporation,  therefore, 
is  derived  from  that  part  of  its  contents  which  is 
firfl  precipitated  by  boiling.  (29,  30.) 

It  follows,  then,  from  what  has  been  faid, 
that  the  foregoing  acids  are  combined  with  an 
alkali. 

63.  Thirty-five  ounces  of  this  water  were  evapo- 
rated in  a glafs  retort  and  receiver  to  two,  feme 
lime  was  then  added  to  it,  and  to  the  firfl  half  dram 
which  came  over  after  the  addition  of  the  lime, 
a few  drops  of  a folution  of  acetat  of  lead  were 
added ; no  cloud  or  precipitate  enfued.  The 
alkali  with  which  thefe  acids  are  combined,  there- 
fore, is  a fixed  alkali. 

6 4.  Thirty-five  ounces  of  this  water  were 
evaporated  in  a glafs  retort  and  receiver  to  two, 
and  filtered,  care  being  taken  to  prevent  any 
part  of  the  foluble  contents  of  the  water  from 
remaining  on  the  fides  of  the  vefiel  in  which  the 
evaporation  was  performed  ; more  acetous  acid 
than  was  fufficient  to  faturate  the  Soda  contained 
in  it  was  then  added,  and  a folution  of  acetat  of 

Barytes 
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Barytes  dropped  into  it  as  long  as  any  precipi- 
tate appeared.  It  was  again  filtered  to  feparate 
the  fulphat  of  Barytes,  and,  in  an  open  glafs 
vefiel,  evaporated  in  a temperature  below  the 
boiling  point  to  one  dram.  A folution  of  tarta- 
reous  acid  (fp.  gr.  1,56)  was  now  freely  added 
to  it ; a precipitation  of  tartrite  of  Barytes  imme- 
diately took  place,  owing  to  the  water  containing 
fome  acetat  of  Baryte?,  but  no  fupertartrite  of 
potafs  was  formed.  It  was  then  filtered  and  eva- 
porated to  drynefs  without  the  formation  of  any 
fupertartrite  of  potafs.  The  alkali  combined 
with  the  fulphuric  acid,  therefore,  is  not  potafs. 

65.  Thirty-five  ounces  of  water  were  evapo- 
rated in  the  fame  manner  to  two,  and  filtered  ; 
more  acetous  acid  than  was  necefiary  to  faturaie 
the  Soda  it  contained  was  then  added  to  it,  and 
a folution  of  acetat  of  filver  dropped  into  it  : a 
copious  precipitate  appeared.  It  was  again  fil- 
tered to  feparate  the  muriat  of  filver,  and  eva- 
porated, as  in  the  lad  experiment,  in  an  open 
glafs  vefiel  to  about  one  dram  ; the  fame  folu- 
tion of  tartareous  acid  was  then  freely  added  to 
it ; but  no  precipitate  of  fupertartrite  of  potafs 
enfued.  It  was  then  evaporated  to  drynefs 
without  any  fupertartrite  of  potafs  being  formed. 
The  alkali  combined  with  the  muriatic  acid, 
therefore,  is  not  potafs. 

From  all  the  experiments  which  have  been 
related  in  this  Chapter,  it  appears,  that  the  con- 
tents, 
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tents  of  the  water  of  St.  Ann’s  well  are  the  fame 
as  thofe  of  the  Holy-well  water;  namely,  the 
carbonats  of  Soda,  lime,‘magnefia  and  iron,  the 
fulphat  and  muriat  of  Soda,  and  the  refiduum, 
whofe  properties  are  mentioned  above,  (25). 

Sect.  4. 

Of  the  quantity  of  the  Carbonats  of  the  water  of  St. 

Anns  well. 

66.  Two  ounces  of  this  water  were  evapo- 
rated in  a glafs  retort  to  one.  In  a tempera- 
ture of  124°,  paper  ftained  with  turmeric  was 
allowed  to  remain  in  it  for  a minute.  At  the 
end  of  this  time  it  had  a decidedly  red  tinge. 

This  experiment  was  repeated  with  eight 
ounces,  and  with  half  a gallon  of  water,  and  the 
refult  Hill  found  to  be  the  fame.* 

* The  evaporation  in  this  case  was  performed  in  a retort,  not  in 
an  open  vessel  as  in  a similar  experiment  related  above,  (35.)  be- 
cause I found  from  many  trials,  that  by  evaporation  for  so  long  a 
time  as  was  here  necessary,  in  open  vessels,  even  with  a very  low 
temperature,  a considerable  part  of  the  carbonat  of  Soda  was  dissi- 
pated. We  have  seen  above,  (21,  22.)  how  readily  this  carbonat  rises 
with  the  water.  The  cause  of  the  difference  of  the  result  in  evaporat- 
ing in  close  and  open  vessels,  seems  to  be,  that  in  the  latter  case  all 
that  rises  from  the  water  escapes  ; in  the  former  only  the  most  vo- 
latile parts,  the  other  parts  being  condensed  on  the  sides  of  the 
retort  return  to  the  fluid ; hence  the  advantage  of  distilling  in 
retorts,  whose  contents  are  much  larger  than  the  quantity  of  fluid 
we  wish  to  distill.  In  this  way  we  may  easily  account  for  Dr.  J. 
Wall’s  having  found  so  little  residuum  when  he  evaporated  the 
Poly^weli  water  in  an  open  vessel. 

if 
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IF  thefe  experiments  be  compared  with  one 
related  above,  (35.)  in  which  half  a grain  of  car- 
bonat  of  Soda,  in  nine  ounces  of  water,  gave  a 
fimilar  tinge  to  paper  ftained  with  turmeric,  the 
quantity  of  carbonat  of  Soda  in  a gallon  of  the  wa- 
ter of  St.  Ann’s  well,  will  be  found  to  be  3,55  grs. 

67.  I11  order  to  afcertain  the  quantity  of  the 
other  carbonats  which  this  water  contains,  a 
gallon*  was  evaporated  to  drynefs  in  a tem- 
perature below  the  boiling  point  in  a glafs  retort 
and  receiver,  luted  together.  The  difliliation 
occupied  between  four  and  five  days.  A white 
cruft  remained  in  the  bottom  of  the  retort,  which 
was  fubjecfied  to  the  action  of  diluted  muriatic 
acid.  A confiderable  effervefcence  enfued.  The 
acid  was  repeatedly  applied  to  every  part  of  the 
retort  which  the  water  had  touched,  and^after 
the  acid  was  poured  out  the  fame  parts  were  re- 
peatedly wafhed  with  diddled  water,  that  the 
whole  of  the  acid  which  had  been  put  into  the 
retort  might  be  obtained.  Thefe  portions  of 
water  were  added  to  the  acid,  and  fome  fulphu- 
ric  acid  (fp.  gr.  1,85)  was  dropped  into  them. 
The  whole  was  then  evaporated  in  a temperature 
below  the  boiling  point  to  about  one-third,  and 
in  that  of  I350,  alcohol  (fp.  gr.  0,817)  was 
repeatedly  dropped  into  it.  It  was  now 
placed  in  a temperature  of  about  60  , where 

* ^ was  brought  from  the  spring  to  Worcester,  and  immedi- 
ately put  into  the  retort. 

it 
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it  was  allowed  to  remain  for  forty-eight  hours ; 
during  this  time  a depofition  of  fulphat 
of  lime  had  taken  place,  which  was  feparated  by 
filtering  through  a piece  of  paper  which  weighed  2 
grs.  and  had  been  dried  in  a temperature  of  about 
6 o°.  It  was  again  dried  in  the  fame  tempera- 
ture, and  found  to  weigh  2,55  grs. 

We  found  above,  (37.)  that  2,5  grs.  of  fulphat 
of  lime  indicate  1,6  grs.  of  carbonat  of  lime; 
o ,55  grs.  therefore,  indicate  0,352  grs.  of  car- 
bonat of  lime,  the  quantity  in  a gallon  of  the 
water  of  St.  Ann’s  well. 

68.  In  order  to  efiimate  the  quantity  of  car- 
bonat of  magnefia  in  this  water,  to  the  fluid  from 
which  the  fulphat  of  lime  had  been  feparated  in 
the  preceding  experiment,  pruffiat  of  potafs  was 
added  as  long  as  any  blue  precipitate  appeared, 
which,  after  being  allowed  to  hand  for  24  hours, 
was  feparated  by  filtering. 

The  filtered  fluid  now  contained  nothing  ca- 
pable of  being  precipitated  by  carbonat  of  Soda 
but  magnefia  ; a folution  of  this  carbonat,  there- 
fore, was  dropped  into  it  as  long  as  any  preci- 
pitate appeared  ; the  magnefia  was  thus  obtained 
in  the  fate  of  a carbonat,  in  which  fate  it  exif s 
in  the  water.  After  it  had  food  above  twelve 
hours,  it  was  feparated  by  filtering  through  a 
piece  of  paper,  weighing  2 grs.  which  had  been 
dried  in  a temperature  of  8o° ; the  paper  was 
again  dried  in  the  fame  temperature,  and  found 

to 
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to  weigh  2,33.  But  the  carbonat  of  magnefia 
dried  at  8o°,  we  have  feen,  contains  a certain 
portion  of  water.  It  appears  from  what  is  faid 
above,  (38.)  that  1,166  grs.  of  carbonat  of  mag- 
nefia, dried  at  809,  indicate,  of  real  carbonat  of 
magnefia,  0,9199  grs.  therefore,  0,33  grs.  indicate 
0,26  grs.  of  real  carbonat  of  maguefia,  the 
quantity  in  a gallon  of  the  water  of  St. 
Ann’s-well. 

69.  I11  order  to  eftimate  the  quantity  of  car- 
bonat of  iron  in  the  water  of  St.  Ann’s  well, 
the  precipitate  formed  by  the  pruffiat  of  potafs, 
in  the  preceding  experiment,  was  obtained  in  a 
piece  of  paper  which  weighed  2 grs.  and  had 
been  dried  in  a temperature  of  about  6o° : it 
was  again  dried  in  the  fame  temperature,  and 
found  to  weigh  2,5  grs. 

It  was  found  above,  (39.)  that  0,95  grs.  of 
pruffiat  of  iron  indicate  0,625  °f  carbonat  of 
iron  ; therefore,  0,5  grs.  of  pruffiat  of  iron 
indicate  0,328  grs.  of  carbonat  of  iron,  the 
quantity  in  a gallon  of  the  water  of  St. 
Ann’s  well. 

It  is  almoft  fuperfluous  to  obferve,  that  the 
water  of  St.  Ann’s  well,  like  that  of  the  Holy- 
well,  lofes  its  iron  by  being  kept. 

It  may  be  proper  to  mention,  that  the  fore- 
going precipitates,  and  the  papers  in  which  they 
had  been  obtained,  were  wafhed  with  difiilled 
water  before  they  were  dried.  If  this  is  not 

done, 
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done,  fome  of  the  other  contents  of  the  fluid 
will  adhere  to  the  paper. 

Sect.  5. 

Of  the  quantity  of  the  Saline  contents  of  the  water  of 

St.  Anns  well. 

70.  In  order  to  eftimate  the  quantity  of 
fulphat  of  Soda  in  this  water,  half  a gallon  was 
flowly  evaporated  to  four  ounces  in  a glafs  retort 
and  receiver.  Before  it  was  poured  out  of  the  re- 
tort, the  water  was  repeatedly  applied  to  every 
part  which  it  had  touched  during  the  evapora- 
tion. A fufficient  quantity  of  acetous  acid  was 
then  added  to  it  to  faturate  the  Soda,  and  a 
folution  of  acetat  of  Barytes  was  dropped  into 
it  as  long  as  any  precipitate  appeared.  It  was 
allowed  to  Hand  above  twelve  hours,  and  then 
filtered  through  a piece  of  paper,  which  had 
been  dried  in  a temperature  of  about  6o°,  and 
weighed  2 grs.  To  the  filtered  fluid,  more  of 
the  folution  of  acetat  of  Barytes  was  added; 
but  no  farther  precipitate  took  place  : the  paper 
was  again  dried  in  a temperature  of  about  6o°, 
and  found  to  weigh  2,55  grs.  Had  a whole  gallon 
of  water  been  ufed,  therefore,  the  weight 
would  have  been  3,1  grs. 

It  was  {hewn  above,  that  1 gr.  of  fulphat  of 
Barytes,  dried  in  the  common  temperature  of 
the  air,  indicates  1,347  grs.  of  chryfhllifed  ful- 
phat 
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phat  of  Soda;  therefore,  1,1  grs.  of  fulphat  of 
Barytes  indicate  1,48  grs.  of  fulphat  of  Soda,  the 
quantity  in  a gallon  of  the  water  of  St.  Ann’s  well. 

71.  In  order  to  afcertain  the  quantity  of  mu- 
riat  of  Soda  in  this  water,  to  the  water  ufed  in 
the  laft  experiment,  after  the  fulphat  of  Barytes 
was  feparated  by  filtering,  a folution  of  acetat  of 
filver  was  added  as  long  as  any  precipitate  ap- 
peared. It  was  allowed  to  Hand  for  more  than 
twelve  hours,  and  was  then  filtered  through  a 
piece  of  paper  of  the  fame  weight,  and  which 
had  been  dried  in  the  fame  temperature  with 
that  ufed  in  the  laid  experiment.  It  was  again 
dried  in  this  temperature,  and  found  to  weigh 
3,125  grs.  To  the  filtered  water,  more  acetat 
of  filver  was  added  ; but  no  farther  precipitate 
appeared.  Had  a whole  gallon  of  water  been 
ufed,  therefore,  the  quantity  of  muriat  of  filver 
would  have  been  2,25  grs.  It  was  {hewn  above, 
that  0,857  grs.  of  muriat  of  filver  indicate  0,364 
grs.  of  muriat  of  Soda  ; therefore,  2,25  grs.  of 
muriat  of  filver  indicate  0,955  grs.  of  muriat  of 
Soda,  the  quantity  in  a gallon  of  the  water  of  St. 
Ann’s  well. 

72.  The  refiduum  left  after  the  action  of 
the  diluted  muriatic  acid  on  the  precipitate 
obtained  by  evaporation,  feems  to  bear  the 
fame  proportion  to  the  carbonats  as  that  obtain- 
ed from  the  Holy-well  water  ; and,  on  this  fup- 
pofition,  amounts  to  0,47  grs. 
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The  following,  then,  are  the  contents  of 
the  water  of  St.  Ann’s  well : 


Of  carbonat  of  Soda 

3.55  g«. 

Of  carbonat  of  lime,  - 

°.352 

Of  carbonat  of  magnefla 

0,2  6 

Of  carbonat  of  iron 

0,328 

Of  fulphat  of  Soda 

1,48 

Of  muriat  of  Soda 

°'955 

Of  refiduum  - - - 

°.47 
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CHAP.  III. 

OF  THE  MEDICINAL  EFFECTS  OF  THE 
MALVERN  WATERS. 

As  the  following  obfervations  concern  the 
public  at  large,  equally  with  the  chemifl,  I 
fhall  lay  afide  the  language  peculiar  to  the 
latter,  which  may  here  be  done,  as  the  few  fub- 
ftances  I {hall  have  occafion  to  mention  are 
fuch  as  are  commonly  known. 

The  general  reader  will  underhand  many 
of  the  terms  ufed  in  the  preceding  Chapters, 
and  have  a clearer  knowledge  of  what  I am 
about  to  fay,  when  the  terms  carbonic  gas  and 
carbonat  are  explained  to  him,  which  may  be 
done  in  a few  words.  By  carbonic  gas,  the 
chemifl  means  fixed  air.  This  air  is  an  acid, 
which,  like  every  other,  has  a tendency  to 
unite  with  certain  fubfiances  when  it  is  brought 
into  contad  with  them.  When  it  is  united  to 
any  other  fubfiance,  chemifis  call  the  compound, 
a carbonat,  as  the  carbonat  of  Soda,  of  iron, 
k.c . * 

It 

* When  it  enters  into  combination,  it  loses  the  form  of  an  air, 
which,  however,  it  immediately  assumes  if  it  is  displaced  by  a 
stronger  acid,  or  any  other  cause  ; hence  the  effervescence  which 

ensues 
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It  appears  from  the  foregoing  Analyfis,  that 
the  Malvern  waters  differ  from  the  other  cele- 
brated waters  of  Britain,  and  agree  with  feveral 
of  thofe  of  the  continent  in  containing  carbonat 
of  Soda.  To  the  Spa  water  they  bear  fo  flriking 
a refemblance,  that  the  folid  contents  of  thefe 
waters  differ  in  little  elfe  than  the  greater  pro- 
portion in  which  they  exift  in  the  Spa  water, 
as  the  reader  will  perceive  from  the  following 
Table  of  the  folid  contents  of  a gallon  of  the 
Malvern  and  Spa  waters.  The  proportion  of 
the  contents  of  the  Spa  water  is  taken  from 
the  Analyfis  of  Bergman,  reduced  to  the 
Englifh  meafure  by  Dr.  Saunders  in  his 
Treatife  on  Mineral  Waters:  — 

ensues  when  we  mix  a solution  of  carbonat  of  Soda  with  lemon 
juice  in  making  the  common  saline  draught,  or  drop  lemon  juice 
on  chalk,  which  is  the  carbonat  of  lime.  From  the  property  of 
being,  as  it  were,  fixed  in  bodies  with  which  it  combines,  it  was 
in  a less  perfect  state  of  chemistry,  when  this  property  was  sup- 
posed to  be  peculiar  to  it  called  fixed,  or  fixable  air,  chemists  do 
not  allow  it  the  name  of  air  or  gas,  their  term  for  air,  except  when 
it  exists  in  an  aereform  state.  The  cause  of  this  requisite  distinction 
jn  chemistry,  it  is  not  necessary  here  to  enter  on.  After  the  ex- 
planation I have  given,  I shall  be  allowed  in  the  present  Chapter 
to  call  it  fixed  air,  whether  it  exists  in  the  aereform  or  fixed  state. 

Sod^ 


* Dr.  Saunders  gives  the  quantity  of  calx  of  iron:  I here  give  the  quantity 
calx  saturated  with  fixed  air. 
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The  folid  contents  of  the  Malvern  and  Spa 
waters,  it  appears  from  the  foregoing  Table, 
if  we  except  the  difference  in  quantity,  differ 
only  in  there  being  no  Glauber  fait  in  the  Spa 
water.  The  Spa  water  differs  alfo  from  the  Mal- 
vern waters  in  containing  a confiderable  quan- 
tity of  uncombined  fixed  air,  none  of  which 
is  contained  in  the  Malvern  waters. 

How  far  the  effects  of  the  Spa  water  depend 
on  the  prefence  of  the  uncombined  fixed  air 
we  cannot  fay  ; w?e  fhould  not  be  inclined  to 
attribute  much  of  them  to  this  air,  becaufe 
water  as  much  or  more  charged  with  it  is  not 
found  to  produce  the  fame  effects ; but  a fimilar 
obfervation  applies  to  every  other  ingredient  of 
tbefe  waters.  The  effects  of  mineral  waters  do 
not  fee  13b  to  a rife  from  any  one  of  their  con- 
1 its,  fo  much  as  from  the  peculiar  combination 
and  manner  in  which  they  exid  in  the  waters. 
We  cannot  infer  that  all  waters  having  any  one 
ingredient,  although  their  most  active  ingredient, 
the  fame  will  produce  fimilar  effects  ; but  we 
certainly  have  reafon  to  expecl  fimilar  effects 
from  waters,  the  greater  part  of  whofe  mod: 
active  ingredients  are  the  fame,  and  exid  in 
them  in  the  fame  date.  Whether  the  Malvern 
waters  will  be  found  ferviceable  in  the  various 
cafes  in  which  the  Spa  water  is  fo  celebrated,  it 
is  impoffible  to  fay,  as  a trial  of  them  in  many 
cf  tbefe  cafes  has  not  been  made  ; but  that  they 


are 
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are  calculated  to  produce  fimilar  effe&s  in  re- 
laxation of  the  fydem,  and  the  various  difeafes 
which  arife  from  it,  is  probable  from  their  ef- 
fects in  fcrophulous  debility,  which  are  perhaps 
more  beneficial  than  thofe  of  any  other  mineral 
water  of  this  country.  The  fmaller  quantity  of 
the  foreign  contents,  which,  however,  is  in  fome 
meafure  compenfated  by  the  Malvern  waters 
being  ufed  in  greater  quantity  than  the  Spa 
water,  will  probably  render  them  lefs  effe&ual 
than  the  latter  in  many  cafes ; but  it  is  not 
unlikely  that  from  the  fame  circumdance  they 
may  be  better  adapted  to  others,  and  they  derive 
from  it  no  fmall  advantage  in  being  perfectly 
fafe.  A trial  of  them,  though  often  attended 
with  fome  inconvenience,  never  produces  any 
lerious  bad  effects. 

In  edimating  the  probable  virtues  of  a mine- 
ral water,  we  mud  not  attend  fo  much  to  the 
mafs  of  its  folid  contents  as  to  the  activity  of 
thefe  contents.  Many  waters  in  common  ufe 
contain  a much  larger  proportion  of  folid  con- 
tents than  fome  of  the  mod  powerful  mineral 
waters.  Of  the  ingredients  found  in  mineral  wa- 
ters iron  and  Soda  are  among  the  mod  active;  and 
the  reader  will  obferve  from  the  foregoing  table, 
that  the  difference  of  the  quantities  of  thefe  in 
the  Malvern  and  Spa  waters  is  not  fo  great  as 
of  fome  other  of  their  contents.  The  folid 
contents  of  the  Buxton  water,  though  ra- 
ther 
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ther  more  than  thofe  of  the  Holy-well,  may 
almod,  perhaps,  from  the  inactivity  of  their 
nature  and  their  fimilarity  to  the  contents  of 
many  waters  in  common  ufe,  be  overlooked  in 
explaining  its  effects,  Writers  have  confequent- 
ly,  with  great  probability,  attributed  thefe 
effects  to  an  air  of  a peculiar  kind  which  it  con- 
tains. The  effeds  of  the  Tunbridge  water,  on 
the  contrary,  are  attributed  chiefly  to  its  folid 
contents,  although  the  whole  of  thefe,  according 
to  Dr.  Babington’s  Analyfis,  amount  only  to 
5 grs.  in  a wine  gallon  ; about  a third  part 
of  the  folid  contents  of  the  Holy-well  water. 
But  one  grain  is  calx  of  iron. 

The  fenfible  effeds  of  the  Malvern  waters  are 
different  in  different  cafes,  and  they  are  gene- 
rally mod  felt  on  firft  uiing  the  waters.  It  is 
not  uncommon  for  them  to  produce  a degree  of 
naufea,  and  they  often  prove  aperient,  fome- 
times  confiderably  fo ; in  many  cafes  they  pro- 
duce the  oppo'fite  effed  on  the  bowels,  so  that 
fome  aperient  medicine  is  neceffary.  When 
drank  largely,  particularly  by  thofe  who  are  not 
accuilomea  to  them,  they  frequently  produce 
fome  vertigo,  drowfinefs,  or  even  pain  of  the 
head.  In  fome  they  produce  a degree  of  feverifli 
heat.  I have  known  many  indances  in  which 
it  was  neceffary  to  lay  afide  the  ufe  of  them 
on  this  account.  The  mod  condant  of  all  their 

fenfible 
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fenfible  effe&s  is  that  of  a diuretic,  and  they 
feldom  fail,  after  they  have  been  ufed  for  fome 
time,  to  encreafe  both  the  fpirits  and  appetite. 

To  what  part  of  their  contents  each  of  thefe 
effe&s  are  to  be  afcribed,  it  is  difficult  to  fay 
pofitively  : many  of  them  feem  toarife  from  the 
iron  they  contain.  That  the  increafed  heat  pro- 
ceeds from  this  caufe  cannot,  I think,  be  doubt- 
ed; and  it  is  remarkable  that  many  of  the  other 
effe&s  which  have  been  enumerated,  are  the  fame 
which  attend  the  ufe  of  other  chalybeates.  Many 
of  the  effe&s  of  the  Tunbridge  water,  for  exam- 
ple, although  more  powerful  in  proportion  as  it 
is  a ffronger  chalybeate,  are  fimilar  to  thofe  juft 
mentioned.  It  alfo  produces  naufea,  drowfinefs, 
and  vertigo,  which,  as  in  the  cafe  of  the  Mal- 
vern waters,  are  moft  felt  on  fir  ft  ufing  it. 

Dr.  J.  Wall’s  explanation  of  thefe  effe&s, 
though  ingenious,  can  hardly,  I think,  be  ad- 
mitted. He  fuppofes  that  they  arife  from  the 
great  purity  of  this  water,  in  confequence  of 
which  it  enters  the  veffels  very  rapidly,  and 
thus  produces  a temporary  plethora.  But  it 
appears  from  all  that  has  been  faid,  that  the 
Malvern  waters,  particularly  the  water  of  the 
Holy-well,  are  by  no  means  fo  free  from  foreign 
contents  as  has  been  fuppofed.  Befides,  were 
this  explanation  juft,  diftilled  water  ought  to 
produce  a greater  degree  of  the  fame  fymptoms, 
which  is  not  found  to  be  the  cafe. 
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The  diuretic  effect,  probably  one  of  the  moft 
beneficial  effeds  of  thefe  waters,  we  cannot  hefi- 
tate  to  afcribe  to  the  carbonat  of  Soda,  which  has 
long  been  ufed  in  medicine  for  the  purpofe  of 
producing  this  effed,  although  in  the  artificial 
forms  in  which  it  is  given,  it  is  feldom  fo  effedual 
a diuretic  as  the  Malvern  waters  are.  In  thefe 
it  is  doubtlefs  affified  by  the  large  quantity  of 
water  in  which  it  is  taken,  probably  by  fome 
other  part  of  their  contents.  To  this  effed,  and 
to  the  iron  which  the  Malvern  waters  contain, 
we  may  partly  afcribe  the  good  appetite  and  fpi- 
rits  which  attend  their  ufe.  Thefe  mull  in  fome 
meafure  be  afcribed  to  the  pleafant  fituation,  and 
the  pure  air  of  the  Malvern  hills.  The  quantity 
of  the  carbonats  of  lime  and  maenefia,  and  of 

cj  7 

the  falls  found  in  thefe  waters,  feems  too  Imall 
to  permit  us  to  attribute  any  of  their  fenfible 
effeds  to  them.  They  may  perhaps  modify  the 
effeds  of  the  other  ingredients  in  a way  we  do 
not  underftand. 

I had  occafion  in  the  Introdudion  to  mention 
the  difeafes  in  which  the  Malvern  waters  have 
been  chiefly  celebrated,  namely,  the  various 
forms  of  fcrophula,  cutaneous  difeafes  of  diffe- 
rent kinds,  and  gravel.  In  fcrophula  and  cu- 
taneous difeafes,  Soda  and  iron  have  long  been 
celebrated  medicines ; and  on  Soda,  in  fome  form 
or  other,  we  chiefly  rely  for  relief  in  gravel. 

The 
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The  Malvern  waters  feem  to  be  better  adapted 
to  the  two  former  cafes  than  to  gravel,  becaufe 
they  depend  more  immediately  on  the  fault  of 
the  habit  in  general,  in  which  we  find  that  mi- 
nute quantities  of  medicines,  given  frequently 
and  for  a confiderable  length  of  time,  are  often 
more  efficacious  than  larger  dofes.  Such,  how- 
ever, is  the  relief  often  obtained  by  tliefe  waters 
in  gravel,  probably  in  part  from  their  ading 
merely  as  a diluent,  and  in  part  from  the  Soda 
they  contain,  that  Dr.  J.  Wall  thought  they  pof- 
fefied  the  power  of  difiolving  urinary  concretions. 
11  It  is,  perhaps,  too  much  to  exped,”  he  obferves, 
11  that  a formed  ftone  can  be  diffolved  by  this 
44  water  ; but  that  fabulous  matter  may,  I am 
44  fully  convinced,  from  the  efieds  I have  ob- 
44  ferved  in  thofe  who  have  ufed  it.”  That  it 
may  tend  towafh  outfand  lodged  in  the  kidneys, 
and  to  prevent  its  formation,  feems  highly  pro- 
bable, and  there  is  reafoti  to  believe  that  it  has 
fome  degree  of  the  effed  of  waters  more  ilrongly 
impregnated  with  Soda,  which  feem  often  to  allay 
the  irritation  occafioned  by  urinary  concretions, 
even  where  they  have  no  effed  in  difiolving  them. 
That  a weak  chalybeate  impregnated  with 
carbonat  of  Soda,  which  pafies  off  fo  freely  by 
the  kidneys,  fliould  allay  a variety  of  other  dis- 
orders of  the  urinary  pafiages,  which  Dr.  J.  Wall 
fays  he  has  found  it  to  do,  cannot  appear  furprifing. 

Wherever 
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Wherever  there  are  fores  or  eruptions,  thefe 
waters  fhould  be  uied  externally  as  well  as  inter- 
nally. Indeed,  like  many  other  mineral  waters, 
the  Malvern  waters  were  at  firft  only  ufed  as  an 
external  application.  Their  good  efteds,  em- 
ployed in  this  way,  are  chierly  to  be  afcribed  to  the 
carbonat  of  Soda  they  contain  ; a fimple  folution 
of  which,  applied  externally,  has  long  been  ufed 
as  a remedy  in  the  fame  difeafes. 


FINIS, 
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<*  » 


r 


N * 


'■  * 


f 


1 J 


► v 


\ 


O 


i 


s 


